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Chapter 1: Structure and Bonding 
+ Important facts 


* The general rule of bonding: Atoms strive to attain a complete outer shell of valence electrons 
(Section 1.2). Н “wants” 2 electrons. Second-row elements “want” 8 electrons. 


nonbonded electron pair 


| | MEME 


—H f | О X: ХЕР, Cl, Br I 
Usual number of bonds , 
in neutral atoms 1 4 3 2 1 
Number of nonbonded . . 0 | 0 1 


2 3 
electron pairs | 


| 


The sum (# of bonds + # о lone pairs) = 4 for all elements except Н. 


* Formal charge (FC) is the difference between the number of valence electrons of an atom and the 
number of electrons it *owns" (Section 1.3C). See Sample Problem 1.4 for a stepwise example. 


number of E number of electrons 
Definition: | formal charge | [formal charge | valence electrons an atom "owns" 


Examples: mE = с 
| 
* C shares 8 electrons. * Each C shares 6 electrons. * C shares 6 electrons. 
* C "owns" 4 electrons. * Each C "owns" 3 electrons. * C has2 unshared electrons. 
•ЕС=0 • ЕС = +1 eC" mee ' 5 electrons. 
• ЕС = 


e Curved arrow notation shows the movement of an electron pair. The tail of the arrow always 
begins at an electron pair, either in a bond or a lone pair. The head points to where the electron pair 
"moves" (Section 1.5). 


О: :0 
i €i .- Lota 
Move an electron pair to O. H-C-N-H = = Beda 
1; 
А | В 


Use this electron pair to form a double bond. 


* Electrostatic potential plots are color-coded maps of electron density, indicating electron rich and 
electron deficient regions (Section 1.11). 
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+ The importance of Lewis structures (Sections 1.3, 1.4) 


A properly drawn Lewis structure shows the number of bonds and lone pairs present around each atom 
in a molecule. In a valid Lewis structure, each H has two electrons, and each second-row element has 
no more than eight. This is the first step needed to determine many properties of a molecule. 


[linear, trigonal planar, or tetrahedral] (Section 1.6) 
Lewis structure | Hybridization | [5р, sp?, ог 523] (Section 1.8) 
EE Types of bonds] [single, double, or triple] (Sections 1.3, 1.9) 


% Resonance (Section 1.5) 


The basic principles: 

* Resonance occurs when a compound cannot be represented by a single Lewis structure. 

e Two resonance structures differ only in the position of nonbonded electrons and x bonds. 

• The resonance hybrid is the only accurate representation for a resonance-stabilized compound. А 
hybrid is more stable than any single resonance structure because electron density is delocalized. 


- m 487 
ep: О: NE | 
CH3CH5- C A CH3CH2- C CH3CH2- C, delocalized charges 
e. = \ ^. a 
|| T delocalized x bonds 
resonance structures hybrid 


The difference between resonance structures and isomers: 
* Two isomers differ in the arrangement of both atoms and electrons. 
* Resonance structures differ only in the arrangement of electrons. 


5 $ 5: 
CH3-C CH4CH5- C -——— CH4CH5- C 

N e. А+ 

:0-CHs :O-H O-H 


Е ES | 


isomers resonance structures 


+ Geometry and hybridization 


The number of groups around an atom determines both its geometry (Section 1.6) and hybridization 
(Section 1.8). 


Number of Geometry Bond angle (°) Hybridization Examples 
groups 
2 linear 180 sp BeH2, HC=CH 
3 trigonal planar 120 sp? BF3, CH2=CH2 


4 tetrahedral 109.5 sp CH4, NH3, НО 
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+ Drawing organic molecules (Section 1.7) 


e Shorthand methods are used to abbreviate the structure of organic molecules. 


| ee 
pu = CHe-C—C—C—CH, = (CHs)2CHCH2C(CHs)3 


н н сњ 
skeletal structure isooctane condensed structure 


• Acarbon bonded to four atoms is tetrahedral in shape. The best way to represent a tetrahedron is to 
draw two bonds in the plane, one in front, and one behind. 


Four equivalent drawings for CH; | 


H H HH H_ H 
А | Jg bs 
qu «96 С "B 
H^ NB Hg H^ ^H HH 


Each drawing has two solid lines, one wedge, and one dashed line. 


* Bond length 


* Bond length decreases across a row and increases down a column of the periodic table 
(Section 1.6A). 


DE > —N-H > ОН Н—Е < H-Cl < Н—Вг 
| | | 
—————————— 


Increasing bond length 


Increasing bond length 


* Bond length decreases аз the number of electrons between two nuclei increases (Section 1.10A). 


CH4-CH, < CH=CH; < Н-СЕС-Н 


Increasing bond length 


* Bond length increases as the percent s-character decreases (Section 1.10B). 


Csp—H Сзр?-Н Csp3—H 
Lx ———————————————— ae 
Increasing bond length 


* Bondlength and bond strength are inversely related. Shorter bonds are stronger bonds (Section 
1.10). 


longest С-С bond | | У; " shortest C-C bond 
weakest bond E E M PR —б=б— |. strongest bond 


Increasing bond strength 
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* Sigma ( ) bonds are generally stronger than л bonds (Section 1.9). 


| | 
—с-С— Ys —С=с— 
||| / |Х 
1 strong o bond 1 stronger o bond 1 stronger o bond 
1 weaker x bond 2 weaker x bonds 


* Electronegativity and polarity (Sections 1.11, 1.12) 


e Electronegativity increases across a row and decreases down a column of the periodic table. 

• А polar bond results when two atoms of different electronegativity are bonded together. Whenever 
C or H is bonded to N, O, or any halogen, the bond is polar. 

e А polar molecule has either one polar bond, or two or more bond dipoles that reinforce. 


+ Drawing Lewis structures: A shortcut 


Chapter 1 devotes a great deal of time to drawing valid Lewis structures. For molecules with many 
bonds, it may take quite awhile to find acceptable Lewis structures by using trial-and-error to place 
electrons. Fortunately, a shortcut can be used to figure out how many bonds are present in a molecule. 


Shortcut on drawing Lewis structures—Determining the number of bonds: 

[1] Count up the number of valence electrons. 

[2] Calculate how many electrons are needed if there were no bonds between atoms and every atom 
has a filled shell of valence electrons; 1.e., hydrogen gets two electrons, and second-row elements 
get eight. 

[3] Subtract the number obtained in Step [2] from the sum obtained in Step [1]. This difference 
tells how many electrons must be shared to give every H two electrons and every second-row 
element eight. Since there are two electrons per bond, dividing this difference by two tells how 
many bonds are needed. 


To draw the Lewis structure: 

[1] Arrange the atoms as usual. 

[2] Count up the number of valence electrons. 

[3] Use the shortcut to determine how many bonds are present. 

[4] Draw in the two-electron bonds to all the H's first. Then, draw the remaining bonds between 
other atoms making sure that no second-row element gets more than eight electrons and that you 
use the total number of bonds determined previously. 

[5] Finally, place unshared electron pairs on all atoms that do not have an octet of electrons, and 
calculate formal charge. You should have now used all the valence electrons determined in the 
first step. 


Example: Draw all valid Lewis structures for CH3NCO using the shortcut procedure. 


[1] Arrange the atoms. 
H e In this case the arrangement of atoms is implied by the way the structure is 


HCNCO drawn. 
H 
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[2] Count up the number of valence electrons. 


ЗНз x 1ејестопрегн = 3 electrons 

2C's x 4electronsperC = 8 electrons 

1N х 5electronsperN = 5 electrons 
X = 


+ 6 electrons 
22 electrons total 


6 electrons per O 


[3] Use the shortcut to figure out how many bonds are needed. 


* Number of electrons needed if there were no bonds: 
3 H's x 2 electrons per H 
4 second-row elements x 8 electrons per element 


6 electrons 
4 32 electrons 


38 electrons needed if 
there were no bonds 


¢ Number of electrons that must be shared: 


38 electrons 
— 22 electrons 


16 electrons must be shared 
e Since every bond takes two electrons, 16/2 = 8 bonds are needed. 


[4] Draw all possible Lewis structures. 

* Draw the bonds to the H's first (three bonds). Then add five more bonds. Arrange them between 
the C's, N, and O, making sure that no atom gets more than eight electrons. There are three 
possible arrangements of bonds; i.e., there are three resonance structures. 

e Add additional electron pairs to give each atom an octet and check that all 22 electrons are used. 


H H 
H-C-NzC-O  .------ - H—C-NzC-O 
a H H 
| БЭ. л 
НЕО N C O = > H-C-N=C=0_ ------- - H-C-N-C-O 
H ER H H 
Bonds to H's added. ~*~. 
э H H 
H-C-N-C=0 ------- - H-C-N-CzO: 
H H 
All bonds drawn in. Electron pairs drawn in. 
Three arrangements possible. Every atom has an octet. 


* Calculate the formal charge on each atom. 
H H 


| tU | .. .. 
H-C-N-C-O: = = H-C-N-C-O ~ - H 


H | | H 
+1 -1 —1 +1 
e You can evaluate the Lewis structures you have drawn. The middle structure is the best 
resonance structure, since it has no charged atoms. 


r-O-r 
:2: 
О 
9 


Note: This method works for compounds that contain second-row elements in which every element gets 
an octet of electrons. It does NOT necessarily work for compounds with an atom that does not have an 
octet (such as BF3), or compounds that have elements located in the third row and later in the periodic 
table. 
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Chapter 1: Answers to Problems 


1.1 The mass number is the number of protons and neutrons. The atomic number is the number of 
protons and is the same for all isotopes. 


Nitrogen-14 Nitrogen-13 
a. number of protons = atomic number for N = 7 7 7 
b. number of neutrons = mass number — atomic number 7 6 
c. number of electrons = number of protons 7 7 
d. The group number is the same for all isotopes. 5A 5A 


1.2 The atomic number is the number of protons. The total number of electrons in the neutral atom 
is equal to the number of protons. The number of valence electrons is equal to the group number 
for second-row elements. The group number is located above each column in the periodic table. 

a. atomic number b. total number ое” с. уаіепсе е” d. group number 


[1] МР 15 15 5 БА 
[2] cr 9 9 7 7A 
[3] 2н 1 1 1 1A 


1.3 Ionic bonds form when an element on the far left side of the periodic table transfers an electron to 
an element on the far right side of the periodic table. Covalent bonds result when two atoms 


share electrons. 


a. ЕТЕ b. Lit Вг с. H-C- C—-H d. Na* As 
| | 
covalent ionic H H Н Both М-Н bonds 
All С-Н and C-C ionic are covalent. 


bonds are covalent. 


1.4 a. Ionic bonding is observed in NaF since Na is in group 1A and has only one valence electron, 
and F is in group 7A and has seven valence electrons. When F gains one electron from Na, 


they form an ionic bond. 
b. Covalent bonding is observed in СЕС); since carbon is a nonmetal in the middle of the 


periodic table and does not readily transfer electrons. 


1.5 Atoms with one, two, three, or four valence electrons form one, two, three, or four bonds, 
respectively. Atoms with five or more valence electrons form [8 — (number of valence electrons) | 


bonds. 


а. О 8-6 valence е` = 2 bonds c. Вг 8-7 valence е- = 1 bond 


b. Al 3 valence e` = 3 bonds d. Si 4 valence е` = 4 bonds 
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1.6 [1] Arrange the atoms with the H's on the periphery. 
[2] Count the valence electrons. 
[3] Arrange the electrons around the atoms. Give the H's 2 electrons first, and then fill the octets of 
the other atoms. 
[4] Assign formal charges (Section 1.3C). 


a [1] H H [2] Count valence ег. [3] HH All 14 e- used. 
| H CCH 2Сх4е= 8 H-C-C-H АІ second-row elements 
HH бНх1е“"= 6 H H have an octet. 
totale% = 14 
p M H [2] Count valence e-. [3] H Ee 
j HCNH 1Сх4е-= 4 H-C-N-H ном 
нн 5Нх1е = 5 нн H H 
1Мх5е` = 5 
Totale- -14 12 e used. 
N needs 2 more 
electrons for an octet. 
" [1] H [2] Count valence ег. [3] H Ho 
| HC 1Сх4е- =4 H-C H-C: 
H 8Hx1e- =3 Y н 
negative charge = 1 6 e- used. [The —1 charge on C is 
total e =8 Cneeds 2- more explained in Section 1.3C.] 
electrons for an octet. 
g M H [2] Count valence e-. [3] H Н 
| нса 1Сх4е- = 4 H-C-Cl — НСС: 
H 3Hx1e- =3 H ü 
121х 7 e = 7 
total ex = 14 8 e- used. Complete octet. 
CI needs 6 more 
electrons for an octet. 
1.7 Follow the directions from Answer 1.6. 
a. HON H CN Count valence e". H—C-N H—CzN: 
1Сх4е = 4 
1Нх1е-= 1 4 e used. Complete N and C octets. 
INx5e = 5 
totale" =10 
b. НСО HCO Count valence ег. H-C-O H-C-Q: 
r 1Сх4е = 4 ü 4 
2Hx1e = 2 6 e- used. Complete O and C octets. 
1Охбе = 6 
total e7 = 12 
но Count valence ег. А 0 "M Q: Я 
с. HOCH;CO;H HOCCOH осхде-= 8 H-0-C-C-O-H H-0-C-C-O-H 
H 4Нх1е- = 4 H H 
30x66 =18. 16 e- used. Complete octets. 


totale" =30 
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1.8 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
1/2 (number of shared electrons)] 


" 5 - [0 + 1/2(8)] = +1 6 - [2 + 1/2(6)] = +1 
H | | 
а. H—N-H b. |CH4-NzC: C. 920-0: 
| A 
/н А 
5 - [0+ 1/2(8)]=+1 4 - [0 + 1/2(8] =0 4 – [2 + 1/2(6)]=-1 6-[4 + 1/2(4)]=0 6- [6+ 1/2(2)] = -1 
1.9 
А j T Йй 
а. СО | Ш н C о [2] Count valence e-. [3] н-с-о = H-C-0: [4] H-C-O: 
H 1Сх4е-= 4 H 4 ü 
ЗНх1е = 3 = : 
1Охбе-= 6 8е used. Assign charge. 
totale" = 13 
Ааа 1 for (-) charge = 14 
b. НС; | [1] н C с [2] Count valence e-. [3] H-C-C > Н-СЕС: [4] Н-СЕС: 
2Cx4e =8 : 
Assign charge. 
1Нх1е -1 4 e- used. Я x 
totale =9 
Add 1 for (-) charge = 10 
с. (CH4NHy) * [1] H H [2] Count valence e-. [3] H H [4] | H 
= x: 
HCNH 1Cx4e= 4 H-C-N-H H-C-N-H 
нон | i 3 | нон нн 
х5е- = | 
- Assign charge. 
totale =15 14 e~ used. 9 9 
Subtract 1 for (+) charge = 14 
d. (снамну [1] H [2] Count valence e-. 1 н 4] н 
HCNH 1Сх4е = 4 H-C-N-H H-C-N-H 
H 4Нх1е = 4 H H 
1№х5е- = 5 "m 
totale- 18 Оет used. а ое апа 
Add 1 for (-) charge = 14 азып charge. 
1.10 
а. C2H4Cl, (two isomers) | Й й, H 
У db. H-C—C-Gk н-с—с-@ 
Count valence е“. H C: Ср H 
2Cx4e = 8 
4Hx1le = 4 
2Cl х7е` = 14 
totale" = 26 
b. СзНвО (three isomers) ннн Н:О:Н нн H 
Count valence e-. Bae аа есек а 
3Cx4e- =12 HHH HHH HH H 
8Нх1е = 8 
1Охбе = 6 


total e7 = 26 
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с. СзНв (two isomers) H H i 
| | 
Count valence e. н=с-с=С не“ бон 
SC x4e- =12 H HH H 
6Hx1e = 6 
totale" =18 


1.11 Two different definitions: 
Isomers have the same molecular formula and a different arrangement of atoms. 


Resonance structures have the same molecular formula and the same arrangement of atoms. 


2 lone pairs З lone pairs 


N in the middle 
a | 


:0: :0: 
B т "E is^ ML Sees D 
а. N=C=0: and :СЕМ-О: b. HO-C-OQ: and HO-C=0: 


N at the end 


same arrangement of atoms = 


different arrangement of atoms = isomers 
resonance structures 


1.12 Isomers have the same molecular formula and a different arrangement of atoms. 
Resonance structures have the same molecular formula and the same arrangement of atoms. 


2 lone pairs 3 lone pairs 
СНз bonded to С=О Н bonded to C=O 


О: 0: О: О: 
а. CH,-C-ÓH CH,-C-ÓH c. CH,-C-OH 'I-6- cH 5H 
A B A D 
same arrangement of atoms = | р 
resonance structures different arrangement of atoms - isomers 
СНО; i dod 
О: . OF 5: . О: . 
b. CHa4-C-OH CH;-C-OH d. CH4-C-OH HG GESDH 
H B D 
A с 


different molecular formulas = neither different arrangement of atoms = isomers 


1.13 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron pair 
(a bond or a lone pair) and the head points to where the electron pair moves. 


(1 E eun m = 
а. н-с=0:=— H-G-O: b. CH, со ди, = ©на-С=С-бн, 
Н 


| 
H H H H 


H 


The net charge is the same The net charge is the same 
in both resonance structures. in both resonance structures. 
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1.14 Compare the resonance structures to see what electrons have “moved.” Use one curved arrow to 
show the movement of each electron pair. 


t+ YY + E Mes .. 
а. CH2 C=C CH; - = CH2-C C CH3 b. :O-C-O: -— 10-C-O 
Dog | 1 и т 
H H H H :0: 


One electron pair moves: 


Two electron pairs move: 
one curved arrow. 


two curved arrows. 


1.15 To draw another resonance structure, move electrons only in multiple bonds and lone pairs and 
keep the number of unpaired electrons constant. 


T + 
а. CH c fee сн; -— — CH,-C-C=C-CH,; c нба нбс 
ннн ннн HoH HoH 
+ 
b CH3-C—CH; CH3-C-CH; 
"СЕ :С1+ 


1.16 A “better” resonance structure is one that has more bonds and fewer charges. The better 
structure is the major contributor and all others are minor contributors. To draw the resonance 
hybrid, use dashed lines for bonds that are in only one resonance structure, and use partial charges 
when the charge is on different atoms in the resonance structures. 


MN + С\ qu E 
a. СНз-6—М- СНз CH3—-C=N-CH; b. CH; —C-- СН» CH,—C—CH, 
нон нон H Н 
hybrid: All atoms have шш These two resonance structures are equivalent. 
а опе Жы ЕК They both have one charge and the same number 
òt ò таюгсопшошог of bonds. They are equal contributors to the hybrid. 
GP COH h b id: 
H H уйпа: 8- 5- 
снг=С==Сн, 
Н 
1.17 Draw a second resonance structure for nitrous acid. 
a "Em а S 
H-O-N-O: -——- H-OzN-O: Н-О==М==0: 
"e (у + .. 
major contributor minor contributor hybrid 


fewer charges 


1.18 АП representations have a carbon with two bonds in the plane of the page, one in front of the page 
(solid wedge) and one behind the page (dashed line). Four possibilities: 


Ser 


CI CI а! Cl 
7 


[e 


е С і 
н ХО Oh ^H H^ ^H HH 
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1.19 To predict the geometry around an atom, count the number of groups (atoms + lone pairs), 
making sure to draw in any needed lone pairs or hydrogens: 2 groups - linear, 3 groups - trigonal 
planar, 4 groups = tetrahedral. 


N has 2 atoms - 2 lone pairs 


3 groups - trigonal planar 4 groups - tetrahedral (or bent 
lecular sh 
4 groups - tetrahedral 4 groups - tetrahedral T SD) 
en | 
a. CH3-C-CHg c. TNH, 


3 groups = trigonal planar 
2 groups = linear 


4 groups = tetrahedral 4 groups = tetrahedral 4 groups= tetrahedral 


А CH3—C=N: 
b. CH3-O-CHg б и 


2 groups = linear 
4 groups - tetrahedral (or bent molecular shape) а 


1.20 To predict ће bond angle around an atom, count the number of groups (atoms + lone pairs), 
making sure to draw in any needed lone pairs or hydrogens: 2 groups = 180°, 3 groups = 120°, 
4 groups = 109.5°. 


_ А This C has 3 groups, so 
2 groups = 180 both angles are 120°. 


H H 
a. cus соја b. TT с. сн 62а 
MP M | 


H 
> This C has 4 groups, so 
2 groups = 180 both angles are 109.5°. 


1.21 To predict the geometry around an atom, use the rules in Answer 1.19. 


4 groups 
tetrahedral (ọr bent molecular shape) 
H 
wa 4 groups 
ре H H H :O: H Н /tetrahedral 
H rigonal planar н 
d E E UD 
~ i %—с=с-с=с-© |" H H HHH 
| Ti \ 
3 groups 
4 groups 2 groups trigonal planar 


tetrahedral linear 


(or bent molecular shape) enanthotoxin 
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1.22 Reading from left to right, draw the molecule as a Lewis structure. Always check that carbon has 
four bonds and all heteroatoms have an octet by adding any needed lone pairs. 


(CH3)2CHCH(CH2CH3)2 
(CH3)3CCH(OH)CH2CH3 


H 
H H-C-H (CH3)2CHCHO 
H—C—H н: |нес=н NR 
Е Өй [Mc LE, нош 
о жш о мен ME oe 
HHHHH | H-C-H HH-C-H ннн H 
H-C-H ln H-C-H | H-C-H 
ü H-C-H 
CH3(CH2)4CH(CH3)2 H double bond 
needed to 
give C an octet 
1.23 Simplify each condensed structure using parentheses. 
ÇH2CH; CH;OH CHs СНз 
а. ОнзОн;ОН;ОН;СН;С! b. CH;CH;CH,-C-CH,CHs с. HOCH;-C-CH,CH;CH;-C- CH;-C- CHs 
uu | | | 
j| |" H Ne ud сњ (Сн 
СНа(СН;) С! CH3(CH2)2CH(CH2CH3)2 (HOCH2)2CH(CH2)3C(CH3)2CH2C(CHs)s 


1.24 Draw the Lewis structure of lactic acid. 


Й 
Н О: О; 
CH,CH(OH)CO;H. ——- H-C-C—C-Ó-H 
H H 


1.25 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
The carbons are all tetravalent. 


1H 1H 
| О 1H | о о 
3 H's 
| < < О | 0 H's 
а. No 0 H's b ^o 0 H's 
octinoxate 7— 8 H's 
avobenzone 


(2-ethylhexyl 4-methoxycinnamate) 


1.26 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all carbons, and then adding hydrogen atoms to make the carbons 


tetravalent. 
H 
CH Oz LH CH; H H H HH H 
| и 3 H С “CH | | " e" Wi 
H-C-C. : H 
a. i i СНз b. H-G син C. CH „О бло: а С а У 2 ^CHs 
H—C-C-—H H^ er ^H 3 | | их | /\ 
PE Ж H H HH CH,H H 
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1.27 A charge on a carbon atom takes the place of one hydrogen atom. A negatively charged C has 
one lone pair, and a positively charged C has none. 


positive charge negative charge 


positive charge negative charge 
no lone pairs one lone pair no lone pairs one lone pair 
no H's needed one H needed one H needed one H needed 


1.28 Draw each indicated structure. Recall that in the skeletal drawings, a carbon atom is located at the 
intersection of any two lines and at the end of any line. 


О 


а. (СНз)>С=<СН(СН»)4СНз = с. yw = (СНз)СН(СН»)>СОМНСНЗ 
| 


Н 


H 


H 
Y f 
b MN и 


О 
а! Д. 
= HO(CH5);CHZCHCO;CH(CH 
| = d: m (СН); 2 CH(CH3)o 
HaN-C—C-H 


H H HN 


1.29 To determine the orbitals used in bonding, count the number of groups (atoms + lone pairs): 
4 groups = sp? , 3 groups = Sp’, 2 groups = sp, H atom = 15 (no hybridization). 
All covalent single bonds are o, and all double bonds contain one o and one x bond. 


Each Н uses a — =н 


1s orbital. ME А single bonds are Each C-C bond is Csp?- C $63. 
HzC-C-C-H g bonds. Each С-Н bond is Csp?-H1s. 
ннн 
Total of 10 o bonds. 
Each C has 4 groups and is 


sp? hybridized. 


1.30 [1] Draw a valid Lewis structure for each molecule. 


[2] Count the number of groups around each atom: 4 groups = sp’, 3 groups = sp”, 2 groups = sp, 
H atom - 15 (no hybridization). 


Note: Be and B (Groups 2A and 3A) do not have enough valence e to form an octet, and do not 
form an octet in neutral molecules. 


H 
| 
а. [1] H-C—Be—H [2] Count groups around each atom: [3] All С-Н bonds: Csp?-Ht1s 
4 H C-Be bond: Csp?-Besp 
| Ве-Н bond: Везр—Н15 
Be has 2 bonds. H7C-Be—H 
B | 
4 groups 
sp? 2 groups 
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СНз 
b. [1] CH4-B—CH; [2] Count groups around each atom: [3] All С-Н bonds: Сзрз-Н1з 
СНз С-В bonds: Csp?-Bsp? 
B forms 3 bonds. ms 
4groups З groups 
sp? sp? 
EA 
c. [1] H-C-O-C-H [2] Count groups around each atom: [3] All С-Н bonds: Csp?-Ht1s 
VV H H C-O bonds: Cspi-Osp? 
H-6-Ó-C-H 
н ін 
4 groups | 
sp? 4 groups 
sp? 


1.31 To determine the hybridization, count the number of groups around each atom: 4 groups = sp , 
3 groups = sp’, 2 groups = зр, Н atom = 15 (no hybridization). 


а. сн-с=сн b. Creo C. i NA 


| | З groups З groups 3groups 2 groups 
4groups 2 groups Sp 
ae sp sp? sp? Sp? 


1.32 АП single bonds are o. Multiple bonds contain one o bond, and all others are л bonds. 


All C-H bonds are o bonds. 


с bond о bond 
О one o bond, Е N = o bond, one x bond 
я: С one x bond b. СНз-С=М С. H^ 70-CHs 
сна KH же 
one o + two x bonds g pond. Gand 


o bond o bond 


1.33 Bond length and bond strength are inversely related: longer bonds are weaker bonds. Single 
bonds are weaker and longer than double bonds, which are weaker and longer than triple bonds. 


bond 1: 
| single bond 
___ропа 3: increasing bond strength: 1 < 3 < 2 
a. ( cao У double bond increasing bond length: 2 < 3 < 1 
bond 2: 
triple bond 
bond 1: 
single bond 
| А ._ bond 2: increasing bond strength: 1 < 2 < 3 
сну о bond increasing bond length: 3 « 2 « 1 
сем 


Бека 3: 
triple bond 
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1.34 Bond length and bond strength are inversely related: longer bonds are weaker bonds. Single 
bonds are weaker and longer than double bonds, which are weaker and longer than triple bonds. 
Increasing percent s-character increases bond strength and decreases bond length. 


СНз 
.. H 
a. CH,-C=C-H ог 'C-CH, C. CH,-N-H or СН М-Н 
/ | 
Сзр-Н15 H hoe Nsp?-H1s 
50% s-character 33% s-character 3376 s-character Nsp?-H1s 
shorter bond shorter bond 2596 s-character 
H н 
b. __б=6 or H-C-OH 
H H Osiis 
Csp?—H1s 25% s-character 


3396 s-character 
shorter bond 


1.35 Electronegativity increases across a row of the periodic table and decreases down a column. 
Look at the relative position of the atoms to determine their relative electronegativity. 


15 


most electropositive most electropositive most electropositive most electropositive 
| most electronegative | most electronegative | most electronegative | most electronegative 
5е<5<0 p, Na «P «CI S«CI«F а Р<М<0 
increasing ` increasing ‘increasing ` increasing 
electronegativity electronegativity electronegativity electronegativity 


1.36 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative atoms 


“pull” electron density towards them, making a dipole. Dipole arrows point towards the atom of 


higher electron density. 


ôt è + |5- -| 8 d ò 
a. H—F b. 95 c. ёс d. -°С—С 
=; | | | 

+ = + 
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1.37 Polar molecules result from a net dipole. To determine polarity, draw the molecule in three 


dimensions around any polar bonds, draw in the dipoles, and look to see whether the dipoles 
cancel or reinforce. 


Electronegative 
atom pulls e- density. 


ô- 5+ 

8- F no resulting dipole = 

Br с. | " d nonpolar molecule 

| | net dipole Сине 

а. poe РА XF Four polar bonds cancel. 
H^ Nj 5- 
All С-Н bonds have no dipole. 
one polar bond 
net dipole = polar molecule 
5+ а resulting dipole = 
H H |н | polar molecule 
| re-draw  „- 5 : 
b. Br-C-Br ------ c BX 1 CN TCI ò 
| 5-Br + Вг. resulting dipole = soc 
H polar molecule “А 
H H 
Note: You must draw the molecule in three no resulting dipole — 
dimensions to observe the net dipole. In the с H nonpolar molecule 
Lewis structure, it appears the dipoles would s'C=Cot 
cancel out, when in fact they add to make a E H і, Two polar bonds are 
polar molecule. $ equal and opposite 
and cancel. 


1.38 
The C-O and O-H bonds are polar. 


ӧн б: H-O: H 
c=c НН О 
a и T / N | | и 
5+н-б-с н-6-<  c-C-c—G 
^ \ z № 4 | | \ 
| СС H :N-H О-Н 
The two circled C's are sp? hybridized. н H H | 


All the С-Н bonds are nonpolar. ibilit 
All H's bonded to О апа М bear а partial positive charge (+). ВЕ 
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1.39 Use the definitions in Answer 1.1. 


Iodine-123 Iodine-131 
a. number of protons = atomic number for I = 53 53 53 
b. number of neutrons = mass number — atomic number 70 78 
c. number of electrons = number of protons 53 53 
d. The group number is the same for all isotopes. 7A ТА 
1.40 Use bonding rules in Answer 1.3. 
H H 
| | 
а. Маг Ы. Ва с. H-—QI d. H-C-N-H e. ма" | O-C-H 
H H H 
‘onic covalent covalent all covalent bonds ionic All other bonds are covalent. 


1.41 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
1/2 (number of shared electrons)]. C is in group 4A. 


К a 
CH5-CH b. H-C-H с. V d. H-C-C 
| | 

H 


HH 
-[D«1/8]-0 4-[2+1/2(6]=-1 4-[2+1/2(4)] =0 4-[1+1/2(6]=0 4-[0+1/2(8)}=0 4-[0+1/2(6)] = +1 


1.42 Formal charge (ЕС) = number of valence electrons — [number of unshared electrons + 
1/2 (number of shared electrons)]. N is in group 5A and O is in group 6A. 


а. CH4-N-CHs с.  CHg—N=N: е. CH370: 


J> 


м +124 = -1 5 – [0 + 1/2(8)] = +1 5 [2+ 1/2(6)]=0 6—[5 eg 
- [2 + 1/2(6)] = +1 
- [0 + 1/2(8)] = +1 | 5 – [2 + 1/2(6)] =0 


‘OH l.. 
: N=Ň=N : d. | CH4-C-CHs f. CH4-N-O 


| 
b. nd 
и. A 6 - [4 т =0 


- [4 + 1/2(4)] =-1 - [4 + 1/2(4)] =-1 
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1.43 Follow the steps in Answer 1.6 to draw Lewis structures. 


+ 
a. CH No H-C-N-N 
valence е- H 
1Сх4е-= 4 
Z Z + 
2H x 1 е = 2 H—C-NzN: 
2Nx5e-- 10 H 
totale" = 16 
р. СНАМО; а 
H-C-N-O 
valence е- 4:0: 
1Сх4е = 4 
ЗНх1е = 3 
1М№Мх5е = 5 
2Охбе` = 12 
totale" = 24 
H 
c. СНАСМО | Е 
H-C-CzN-Ó 
valence e^ H 
2Сх4е = 8 H > 
ЗНх1е = 3 дебео 
INx5e=5 °' i im 
1Охбе` = 6 H 
totale" = 22 


d. НСО 


valence e^ 


1Сх4 = 
1Hx1e- - 
20 x6e7 =12 
1 for (-) charge = 1 


total e^ = 18 


е. НСОз- 
valence e^ 


1Сх4 = 
1Hx1e- 
30x6e- 
1 for (-) charge = 1 
total e- 24 


f. "CH;CN 


valence e- 


О 
ог H-O-C-O: 


H-C-C-Nr or H-C-CEN: 
H 


2Сх4е 
2Нх1е 
INx5e 
1 for (-) charge 


total e^ 


1.44 Follow the steps in Answer 1.6 to draw Lewis structures. 


a. No 


с. (CH3CH2) - 


d. HNNH 


Ш N N 


[1] 
H 


[1] H N NH 


С | ол № СО 


[2] Count valence е-. [3] N-N > :N=N: 
2N x5e = 10 » 
Е 2е used. 
totale -10 Complete N octets. 
[2] Count valence е. [3] Н [4] H+ 
1Сх4в = 4 H-C-O-H H-C-O-H 
5Нх1е- = 5 нон H H 
1Охбе = 6 45a d Add charge 
totale" =15 oon and lone pair. 
Subtract 1 for 
(+) charge = 14 
[2] Count valence e~. [3] ң 4] н 
== | l Hm 
Giese | ү" 
х1е- = 
tolale- =13 uo EM 
Add 1 for 12 e- used. Add charge 
(-) charge = 14 and lone pair. 
[2] Count valence e7. [3] H-N—N—H - H-N-N-H 
2нхте = 2 = Complete N octets. 
2N x5 е- = 10 Бена 
totale" = 12 
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e. HgBN [1] H H [2] Count valence ет. [3] нон [4] H H. 
HBNH 1Bx3e-- 3 H—B—N-H H—B—N-H 
нон 6Нх1е-= 6 HH HH 
INKS 8 S 14 е- used. Add charges. 
totale = 14 


1.45 Follow the steps in Answer 1.6 to draw Lewis structures. 


a. (CH3CH2)20 [1] H H HH [2] Countvalencee. [S] HH нн [4 HH нн 
HCCOCCH 10x6e = 6 H-C-C-O-C-C-H H-C-C-Q-C-C-H 
-— | | | | | | | | 
HH HH ТОН х 1 е“ = 10 HH HH HH HH 
Е = 28 е- used. Add lone pairs. 
total e - 32 
b.CH,CHCN [1] H H [2] Count valence е“. [8] H H [4] п || 
C CCN INx5e= 5 C—C—C-N C=C-CEN 
H 3Hxle- 3 H 4 
Borde = 12 12 e- used. Add lone pairs 
totale = 20 and л bonds. 
c. (НОСН,)СО [1] HOH [2] Count valencee [3] нон [4] H:O:H 
= | | | .. | | Eonia 
носссон 30x6e= 18 н-о-с-с-с-о-н н-б-с-с-с-б-н 
н H са аа E H H н H 
dude ee 22 e used. Add lone pairs 
сае = and л bonds. 


а. (СНзСО)20 Шно он [2] Count valence e. [но он M но: со: 
= | | | | | Ho. | | 
нссоссн  3Ox6e- 18 н-с-с-о-с-с-н н-с-с-0-с-с-н 


Мк И о НЕ: 
ees 16 24 e- used. Add lone pairs 
totale" = 40 and x bonds. 


1.46 Isomers must have a different arrangement of atoms. 


a. Two isomers of molecular formula C3H7Cl с. Four isomers of molecular formula СзНоМ 
ва Diu M. 
"Ad йлы poo qM 
EE ты! HHHH HHHH 
b. Three isomers of molecular formula C2H40 | п H H Н 
H-C N C-H — H-C-C-C-H 
:б :0: H | H H | H 
:ӧ- :0: H ТО: 
D n og н. P LH H—C-H H—N: 
H-C=C-H  H-C-C-H С | 
H H UU ` ђ 
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1.47 
Nine isomers of C4HgO: 
TE A "n и En ш! 
H-Ç=0=0-H. H-C=C-C-H H=C=7C-Ç-0H H=C=0-C-H Hp GEM H-C-C-Ó-C-H 
нн н н H HO: н н н H H 
oe H 
Н :O—H a о: H 
с Ea H 2 C-H 
—Cc-c-c- 
Мос н-6-©-н ии 
" Н H H 


1.48 Use the definition of isomers and resonance structures in Answer 1.11. 


CgHgO 
isomers different molecular formula same arrangement 
of atoms 


neither isomers nor 


resonance structures resonance structures 


1.49 Use the definitions of isomers and resonance structures in Answer 1.11. 


woo co OO 


(Сан; 1)“ (CgH41)* (Санча) (CaH41)* 
B different arrangement same arrangement 
of atoms of atoms of atoms 
isomers resonance structures isomers 


1.50 Use the definitions of isomers and resonance structures in Answer 1.11. 


СНз 
x | .. 
а. CH,-Ó-CH,CH, and CH,-C-OH с. Ж х= 
H | E 
one O-H bond 


two C—O bonds 
Different arrangement of atoms. 
Both have molecular formula C3HgO = isomers 
b. and СНз-С=С-СНз d. 
H |^ 


CH3CH2CH3 


ring double bond 
Different arrangement of atoms. 
Both have molecular formula C4Hg = isomers 


and 


:0: 
CH2 
d. 


5 membered 
ring 
CgHgO 
different arrangement 


of atoms 
isomers 


à pos 


(СаНо)“ 


different arrangement different molecular formula 


neither 


AN 


and 


Same arrangement of atoms. 
Both have molecular formula (C4H7)-. 
Different arrangement of electrons = resonance structures 


CH4CH2CH; 


molecular formula C3Hg molecular formula (C3H7)~ 


different molecular formulas = neither 
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1.51 Compare the resonance structures to see what electrons have “moved.” Use one curved arrow to 
show the movement of each electron pair. 


H 


PA | + 
CHa- C-N- CHs СНз -С=№- СНз 
а. Ec | = 
i | " (CH, CH, 
One electron pair moves - one arrow CX 
с. = 
- uu 23 = 
О: :0: 
Ci VA | + Four electron pairs томе = four arrows 

b. H-C-NH, = H-C-NH; 


Two electron pairs move = two arrows 


1.52 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron pair 
(a bond or a lone pair) and the head points to where the electron pair moves. 


+ w È 
СНз—М=М: CH3—N=N: —— 
а. 347 з С 
СН; 


А 
со: :O: CNH, 

| + | <—ђ 

b. сн с=бн\сн, сн.-с-сн=сн, 9: Ch 


1.53 Use the rules in Answer 1.15. 


i 
„КО 
6 NH, 


eo: ir 
M: :0: ^n) 
od ог CH i О B C$ o 
a. 3 D > СНз-С=0: bises 
{3 


Two electron pairs move = two arrows Two electron pairs move = two arrows 


+ .. 
+ о слон :OH 
b. Снн, —— —- CH,-RH, Д H-C-H 


One electron pair moves - one arrow One electron pair moves - one arrow 


1.54 To draw the resonance hybrid, use the rules in Answer 1.16. 


Charge is on both atoms. 
Charge is on both O's. 5- g 
^ Double bond can :0: 
xo: be in 2 locations. T4 
JN" 5- 
а сна C50 87 " 


Double bond can be in 2 locations. 


: òt Charge is on both atoms. 
partial double bond character OH Я 
ôt l 9+ Е. і 
b. CH; МН, d. H a H 
о | 
Charge is on both atoms. г BONO DS 


partial double bond character. 
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1.55 For the compounds where the arrangement of atoms is not given, first draw a Lewis structure. 
Then use the rules in Answer 1.15. 


а. Оз Count valence е-. osta ‚д а 
ЗОхбе- = 18 :0 C 0=0-0: 
totale" = 18 


b. МОз (а сетга! М atom) 
Count valence е“. jo © ‘On 
INx5e = 5 б=м+ ~ Eom A "e 
30x6e =18 T o d ^ " 
(-) charge = 1 те = 
total e7 = 24 


= Count valence е“. EE EPA um as ds dd 
ЗМх5е- = 15 N-N-N = МАМ: ~~ :N—-N=N 


(-) сһагде = 1 
total e^ = 16 


о=ӧ 
I-O-Ir 
== 


(à 
| 
©) 
| 
O 


N = ES A _ 
дна ен бн—сн=бн, ~ - ён) CH=CH CH=CH, - ~ CH,2CH-CH-CH-CH; 


у. е7 "E 
@—@—@ 


1.56 To draw the resonance hybrid, use the rules in Answer 1.16. 


H H H 
H CH» H Суон; H : CH, H CH, H CH, 
H H H H H H H H H H 
H H H H H 
resonance hybrid 


Ho og 
H. Æ „СН, 


X X 
H H 


Lar 


a 
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1.57 A “better” resonance structure is one that has more bonds and fewer charges. The better 
structure is the major contributor and all others are minor contributors. 


:О: :О: :0 : 
ell .. | С: | x 
a. CH5-C-O- CH; or ccu CH3—C=O-CHg 
3 C-O bonds 2 C-O bonds 3 C-O bonds 
no charges 2 charges 2 charges 
contributes the most = З contributes the least = 1 2 
СНз СНз сна 


Lb owe ck 
CH3—C—N=NHp 


H3-C—N—NH 
CH3—C—N—NHp 


| 


1 "m m 
b. сна МН 


3 bonds for this М 3 bonds for this N 2 bonds for this N 
no charges 2 charges 2 charges 
contributes the most = 3 2 contributes the least = 1 
1.58 
This C would have 5 bonds. 
H H H| H , B invalid 
a -%- b c. CH,CH;-CZN: —— CH,CH;-C-N: d OK eR 
| E | 5 =“ — H H нін 
invalid This C would have 5 bonds. 


[Note: The pentavalent C's in (a) and (d) bear a (—1) formal charge.] 


1.59 Use the rules in Answer 1.20. 


3 groups - 120? 


na иу. H 


а. сња d c. 120°C СЕМ 4 groups= 109.5° — й 
н NP H CH; " 
а 3 groups = 120° H H 
4 groups = 109.5° В а 
H 120 
All C atoms have 
4 groups = -109.5° 4 groups = 109.5° 3 groups - 120*. 
h 
b. H2N-O-H d. noe UON 
H H 


both C's surrounded Бу 4 groups = -109.5° 


4 groups = ~109.5 2 groups = 180* 
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1.60 To predict the geometry around an atom, use the rules in Answer 1.19. 


О 
. СН»СН»СН»СН Я | ~ 
а Su rou Hors (9 -— 3 groups €. CH34-C-OH 
4 groups (8 atoms) 
trigonal planar 
(4 atoms) 9 р 3 groups 
tetrahedral . (3 atoms) 
trigonal planar 
b. (СНУ d. ul f. (CH34N 
4 groups 4 groups 4 groups | 
(2 atoms, 2 lone pairs) (4 atoms) (3 atoms, 1 lone pair) 
tetrahedral tetrahedral tetrahedral 
(bent molecular shape) (trigonal pyramidal molecular shape) 


1.61 Each C has two bonds in the plane of the page, one in front of the page (solid wedge) and one 
behind the page (dashed line). 


R F 
CF4CHCIBr С. „н 
Е E 
Br Cl 
1.62 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 


The C’s are all tetravalent. All H’s bonded to C’s are drawn in the following structures. C’s 
labeled with (*) have no H’s bonded to them. 


H HH O HHHH H H 
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1.63 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all C's, and then adding H's to make the C's tetravalent. 


H но 
H МУ H 
a H СС H СНз 
CH,-G | C-C-H 
H H H cH = 
i EL gt VT OM 
нан" ДА, Mr 
Pd ~ rad 
menthol C HH gy HH loue Hs ae ee 
(isolated from peppermint oil) Ee бнз „С LO LUN. „С d. sor eet Seer. 
СЕМ С СНз Т | ~ НА H 
Hu" H H GH H, 2С. 2С. ен H 
Нн „Н H^), OH o С С 4 H 
TD V Pa mM 
Ca „С „СС ethambutol А 
b. CH3 у n i H (drug used to treat tuberculosis) (a female sex hormone) 
myrcene 


(isolated from bayberry) 


1.64 In skeletal formulas, leave out all C’s and H’s, except H’s bonded to heteroatoms. 


а. (CH3)2>CHCH2CHsCH(CHs3)o 


H 
| 
| / F Нун: | SN о CH3(CH>)9G(CHg)2CH(CH3)CH(CH3)CH(Br)CH3 
A | | — 
uon 27 bM | 
b. CHgCH(Cl)CH(OH)CHg i 
Cl H H Br 
EX | H LH 
ON СА © m V i Hs 
e. з zz 
OH cod ‘CH, A \ ( 
c. (CHg)4C(CH3).CHs H не 


limonene 
beu (oil of lemon) 


1.65 For Lewis structures, all atoms including H's and all lone pairs must be drawn in. 


a. CHCH;COOH c. CHSCOCH;Br e. (CH9&CCHO g. CHCOCH;CO;H 
нн о: нон "adii H Q: но: 
H-C-C—C-O-H H-C—C—C-Br CH3— є—С- H H-C-C-C-C-OÓ-H 

H H H H CH, H H 
b. CHSCONHCHs d. (СНз)зСОН f. CH3COCI h. HO2CCH(OH)CO;H 
а с. f ur Teu 
H-C—C-N—C-H CHa-C-0-H н-е—с-@: H-Q-C- ç- с-9- 
H нон СНз H о-н 
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1.66 A charge on a C atom takes the place of one H atom. А negatively charged C has one lone pair, 
and a positively charged C has none. 


H " H H H 
H М H 
H H H E H 
a. p. H ZH eq S H d. CH3 
B à H H H H 
H H 
H H 


H 
1.67 
CH к H H HH H 
3« T + Я СН 
a. CH—NCHs b. Оо. ва ро d. on 6 ° 
СНз н н СНз 
H CH; 


1.68 Examine each structure to determine the error. 


This C has 3 bonds. 


a. CHCH-CH-CHCHs e E | 
і с. а. е. CHCH 
This C has 5 bonds. 
This H has 2 bonds. This C has 4 bonds. The 


b. (CH3)3CHCHsCH2CH3 It should be НО-. n ne me This С has 5 bonds: 
pair, which gives electrons. It should be CH3CH>-. 


This C has 5 bonds. 


1.69 To determine the hybridization around the labeled atoms, use the procedure in Answer 1.31. 


a. CH3 CH; c. (CHs)30* е. CHg-CEC-H g. CH4CH-C-CH,; 
| 3 groups 2 groups 
4 
4 groups | groups | 2 groups (3 atoms) (2 atoms) 
(3 atoms, 1 lone pair) (8 atoms, 1 lone pair) (2 atoms) à 
3 ^ sp? Sp, linear 
sp?, tetrahedral sp", tetrahedral Sp, linear 


trigonal planar 


f. CH»=NOCH 
Oe Оре rem 
4 groups 4 groups 3 groups | 
(4 atoms) (4 atoms) (2 atoms, 1 lone pair) 
sp?, tetrahedral sp?, tetrahedral sp?, trigonal planar 


(Each C has 2 H's.) 
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1.70 To determine what orbitals are involved in bonding, use the procedure in Answer 1.29. 


HH Sci. ЧЕ ж Csp?—O sp? 
=—Csp*-H1s л: Ср Ор 
а. С вр—С врз c. 
Csp—C sp? 


о: Csp?-Csp? 


H т 
Csf-His—| y m: Ср-Ср а нүС=С-С=мҗОн» 


PM " | 4 а Csp3—Nsp? 
b. Csp?-Csp Csp-His o: Csp-Csp 
л: С,-Ср 
л: Ср-Ср 


1.71 To determine what orbitals are involved in bonding, use the procedure in Answer 1.29. 


Csp?-Osp? 


UH СОН Csp-Osp Csp*—Csp? 
о: Сэр-Озр? . o; ne | B sp?—Osp О 


Osp?—H1s 


а. 2: Ср др — 


b. 
HO OH 
jo | 
Csp?-Csp? 
Csp?—H1s 
citric acid zingerone 
(responsible for the tartness (résporisibl for the pungent 
of citrus fruits) taste of ginger) 
1.72 
MEN р л bonds 
л: Ср-Ср — Sp sp? SP” | с bonds 
ЕО 
ketene і 1s. sd | sp 
/ о: Csp-Osp? 5р | 
sp л: Co-Op Sp? Sp? 
[For clarity, only the large bonding lobes of the hybrid orbitals are drawn.] 
1.73 


t m 
CH2=CH о: Csp—Csp CH=CH. o; Csp-Csp? 
л: Ср-Ср | | л: Ср-Ср 


А sp sp? эр? 
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1.74 To determine relative bond length, use the rules in Answer 1.34. 


H H 
| 
а. { )—с=с-н { )—с-с-н ( )—-оң, b. H-CsC CH2-Ç=Ç С H 
l = 
| нін н | | | ннн 
triple bond double bond single bond _ Сзр-Н1з Csp-His СзрЗ3—Н15 
shortest middle longest highest middle lowest 
% s-character % s-ch t % s-character 
shortest e S-cnaracier — longest 
middle 
1.75 To determine relative bond length, use the rules in Answer 1.34. 
single bond 
NH | СНз / longer 
а. ноф ы | b. Br MW с. = “ин, 
. longer | longer CH; | 
(N is to the left of O in (Br is below CI 
the second row.) in group 7A.) 
1.76 
C. shortest, strongest C-C bond 

b.andd. bond (1). | 

longest, / | p m 

weakest C-C bond (2) | 1— — — е. strongest С-Н bond 

single bond а. shortest CC... f. Bond (1) is а Csp®Csp? bond, and bond (2) is a Csp?-Csp? bond. Bond 

single bond (2) is shorter due to the increased percent s-character in the sp? 


hybridized carbon. 


1.77 Remember shorter bonds are stronger bonds. A o bond formed from two sp? hybridized C's is 
stronger than а о bond formed from two sp? hybridized C's because the sp? hybridized C orbitals 
have a higher percent s-character. 


1.78 Percent s-character determines the strength of a bond. The higher percent s-character of an 
orbital used to form a bond, the stronger the bond. 


vinyl chloride chloroethane (ethyl chloride) 
СНг=СН— С! 33% s-character РАДАР НО 
higher percent s-character 25% s-character 
Сар stronger bond Сар 


1.79 а. No, a compound with only one polar bond must be polar. The single bond dipole is not 
cancelled by another bond dipole, so the molecule as a whole remains polar. 


5*: В 6:0” 
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b. Yes, a compound with multiple polar bonds can be nonpolar since the dipoles can cancel each 
other out, making a nonpolar molecule. 


п. 


e . 
-xN CI no net dipole 
CLP Nei р 


c. No, a compound cannot be polar if it contains only nonpolar bonds. There must be differences 
in electronegativity to make a compound polar. 


H-H nonpolar 


1.80 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative atoms 
"pull" electron density towards them, making a dipole. 


ô д 5 8 


a. 0+ Ee ô- b. киен C. TRUE d. Сл ôt 


1.81 Use the directions from Answer 1.37. 
a. CHBr с. CBr Br 
H “Br е. a | 
| = net dipole 


| 
p t dipol GE 
АВ net dipole ум Вг no net dipole 
zd \Br ' Ba" Nr 
Cl 
b. CH4CH;OCH;CHs 4 05 CY "T 
и“ t М и no net dipole 
а ~ ро e 
СНз 
[net dipole TL 
net dipole 
1.82 
1 o and 2 x bonds 
polar bond 
о 
(essentially) nonpolar 
tetrahedral CH4-CZN : 
sp? hybridized їпеаг 
linear idi 
am sp hybridized 
sp hybridized Тре Ione pair is in an 
sp hybrid orbital. 


All С-Н bonds are nonpolar o bonds. 
All H's use a 1$ orbital in bonding. 
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1.83 
a. sp? 


b. Each C is trigonal planar; the ring is flat, drawn as a hexagon. 


с. H H 
H H [Only the larger bonding lobe 
of each orbital is drawn.] 


Sp? hybrid orbitals on C 
о bonds 


Sp? hybridized C 


p orbitals on C's overlap 


z bonds 


«(23 — CI 


e. Benzene is stable because of its two resonance structures that contribute 


equally to the hybrid. [This is only part of the story. We'll learn more about 
benzene's unusual stability in Chapter 17.] 


1.84 
3 groups 
3 groups sp? 4 groups 
sp? н trigonal planar sp? 


a- trigonal planar H OJ H нн tetrahedral 
| | 


НО Ри 


о 
NH» pu сна 
н н | 


: н C=O 
С=0 
4 groups HO ^ \3 groups 
sp? 5 
tetrahedral 


trigonal planar 
(trigonal pyramidal molecular shape) 


| = i 4 Ls / 


l 
| НО C—C4N CH; All C—O, C-N, C-S, М-Н, and O-H bonds are 
: \ /— n polar and labeled with arrows. 
МН, N CH3 | T : 
H H | О All partial positive charges lie on the C. 
X н С=О 


All partial negative charges lie on the О, М, or S. 
H-ON\ In OH and NH bonds, H bears a ôt. 


skeletal structure: NH, H 
NH, H | 


\ \ 


N S 
с. S d. SR | М 6 x bonds 
о М i d О О 
НО О О М EN 
OH 
OH 
e. 3396 s-character - sp? hybridized 


а 


H "e 
"d |" d These C-H bonds have 33% s-character. 
HO H 
H — 
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8, b, c. . d. CH3 e. 
| = N 4 groups 
2 СНз sp? 
N tetrahedral s A 
3 groups (trigonal pyramidal molecular shape) constitutional isomer resonance structure 
sp? lone pair in sp? orbital 


trigonal planar 
lone pair in sp? orbital 


longest C-N bond 


.. | .. 
H-0, pow „©з UCN H H 
че P 
5 СО „С, СЕМ: Стс-Н 
н-67 ^C 
+N-OF 
:6: Shortest longest C-C bond 
C-N bond 


b. The C-C bonds in the CH;CH; groups are the longest because they are formed from sp? 
hybridized C's. 

c. The shortest C-C bond is labeled with a (*) because it is formed from orbitals with the highest 
percent s-character (Csp—Csp’). 

d. The longest C-N bond is formed from the sp? hybridized C atom bonded to a N atom [labeled 
in part (a)]. 

e. The shortest C-N bond is the triple bond (C=N); increasing the number of electrons between 
atoms decreases bond length. 


n 
—N- CH;CHs 
CHCH 

=N: ш: 
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1.87 
" 3 groups _ ы groups 
СНз sp? trigonal planar :СНз — sp'tetrahedral 
plot A (The molecular shape is trigonal pyramidal.) 
plot B 
The blue region is evidence of 
the electron-poor cation. The red region is evidence of 


the electron-rich anion. 


1.88 Polar bonds result from unequal sharing of electrons in covalent bonds. Normally we think of 
more electronegative atoms "pulling" more of the electron density towards them, making a dipole. 
In looking at a Csp^—Csp bond, the atom with a higher percent s-character will “pull” more of the 
electron density towards it, creating a small dipole. 


3396 s-character ó ôt 
higher percent s-character СР —Csp — 
pulls more electron density о, <. 
more electronegative аа 


1.89 
Isomers of C4Hg: 
Н Й н Й 
H 2С. Cy CH C. JH pon „СН 
"C^^7OH.CH, сну с^ * сну ^c HU зе 3 


| | 
H | | Сн» СН 


These two compounds are different 
because of restricted rotation around 
the C=C (Section 8.2B). 


1.90 Carbocation A is more stable than carbocation B because resonance distributes the positive charge 
over two carbons. Delocalizing electron density is stabilizing. B has no possibility of resonance 


delocalization. 
+ + 
NES No resonance structures 
+ 
A B 
1.91 
H 6: 
ZH у. [1] H 
a + Pu — + С: 
HÀ) н +ӧн :OH 


o 

А 

E 

[s 

sE 

в [О 

|| 
+ 
T 
Q 


X phenol 
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Chapter 2: Acids and Bases 


% A comparison of Bronsted—Lowry and Lewis acids and bases 


Type Definition Structural feature Examples 
Brensted-Lowry acid ^ proton donor а proton НСІ, Н›804, H20, 
(2.1) 


СНзСООН, TsOH 
Brensted-Lowry base proton acceptor a lone pair or a л bond ТОН, ОСН}, H, МН», 


(2.1) CH=CH; 
Lewis acid (2.8) electron pair a proton, or an unfilled ВЕз, AlCl, НСІ, 
acceptor valence shell, or a partial СНзСООН, H2O 
(+) charge 
Lewis base (2.8) electron pair a lone pair or a x bond ТОН, OCH;, H, NH;, 
donor СН›=СН, 


+ Acid-base reactions 
[1] A Brensted-Lowry acid donates a proton to a Brensted-Lowry base (2.2). 
ИИМ. | 
.. oo .. — | 
| —0: + —N- 


acid base 
proton donor proton acceptor 


conjugate base conjugate acid 


[2] A Lewis base donates an electron pair to a Lewis acid (2.8). 


CH3 CH3 
Lewis acid Lewis base 
electrophile nucleophile 


Electron-rich species react with electron-poor ones. 
e Nucleophiles react with electrophiles. 


+ Important facts 


Definition: pKa = -log Ka. The lower the pKa, the stronger the acid (2.3). 


NH, versus H,O 
pK, = 38 pK, = 15.7 
lower pK, = stronger acid 
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* The stronger the acid, the weaker the conjugate base (2.3). 


| i K, 
Here T Pra Increasing pK, of the conjugate acid 


СНн»=СН» CH4COOH HCI = 

ст CH3COO _ CH=CH 
pKa = 44 pK, = 4.8 pK, 2-7 : | 
——— a. г Increasing basicity 


Increasing acidity 


* In proton transfer reactions, equilibrium favors the weaker acid and weaker base (2.4). 


Hoc + МН, = Н-СЕ;С: + :NH3 


рКа = 25 pr Equilibrium favors | 
stronger acid | weaker acid the products. 
unequal equilibrium arrows 


e An acid can be deprotonated by the conjugate base of any acid having a higher pK, (2.4). 


Acid pK, Conjugate base 
CH4COO-H 4.8 CH4COO^ 
CH4CH;,O-H 16 CH4CH;O^ These bases 
HC=CH 25 HC=C— can deprotonate 
H-H 35 H7 CH4COO-H. 
higher pK, 
than 
CH4COO-H 


$ Factors that determine acidity (2.5) 


[1] Element effects (2.5A) The acidity of H-A increases both across a row and down a column 
of the periodic table. 


Increasing electronegativity 


Increasing acidity 


H-F H-CI H—Br НЕТ. 
Increasing size 


Increasing acidity 
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[2] Inductive effects (2.5B) 


The acidity of H-A increases with the presence of electron- 


withdrawing groups in A. 


СН;СН>ОН 
weaker acid 


CF3CH2OH 
stronger acid 


CH4CH;O 
No additional electronegative 
atoms stabilize the conjugate base. 


_ РН 
ӧ fel 

- dd 
F- Н 


CF, withdraws electron density, 
stabilizing the conjugate base. 


[3] Resonance effects (2.5C) 


The acidity of H-A increases when the conjugate base А: is 


resonance stabilized. 


CH3CH,O—H CHgCH,0 : 
ethanol ethoxide 
conjugate base 
only one Lewis structure 
e E go >" 
CH4-C > CH&;-C... ^ СНз-С 
N " NEO 
ОН О: О: 
on acetate 
acetic acid conjugate base 
more acidic 
two resonance structures 


[4] Hybridization effects 
(2.5D) 


The acidity of Н-А increases as the percent s-character of 


the А: increases. 


CH,CH3 
ethane 


CH=CH; н-С=с—н 
ethylene acetylene 
pK, = 44 pK, = 25 


pK, = 50 
У > 


Increasing acidity 


35 
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Chapter 2: Answers to Problems 


2.1 Brensted-Lowry acids are proton donors and must contain a hydrogen atom. 


Brensted—Lowry bases are proton acceptors and must have an available electron pair (either a 
lone pair or a x bond). 


a. HBr: Мн» CCl, 
acid acid not an acid—no H 
b. CH3CH3 (СНз)зС0: H-C=C-H 
no lone pairs lone pairs 
огл bonds оп О 
not а base base Базе—л bonds 
P 
c. CH34CH;ÓH CH34CH5CH;CH3 СНз, 
:ОСНз 
not a base—no lone pairs 
base—lone pairs on O огл bonds base—lone pairs on O's, x bond 
acid—contains H atoms acid—contains H atoms acid—contains H atoms 


2.2 А Brensted-Lowry base accepts a proton to form the conjugate acid. A Brensted—Lowry acid loses 
a proton to form the conjugate base. 


а. мн; NH4* b. HBr Br 
air HCI HSO, so 
+ 
(СНз)>С=О (СНз)>С=ОН CH3OH СНзО- 
2.3 Use the definitions from Answer 2.2. 
+. T 

CH=CH; CH2- СНз CH=CH, > CHs=CH 
ethylene accepts a proton loses a proton 

conjugate acid conjugate base 


2.4 The Brensted—Lowry base accepts a proton to form the conjugate acid. The Bronsted—Lowry acid 
loses a proton to form the conjugate base. Use curved arrows to show the movement of electrons 
(NOT protons). Re-draw the starting materials if necessary to clarify the electron movement. 


~ СУ 


а. H—Cl: + H20 ЕЕ ‘Cle + Нз? 
~ | | 
acid base conjugate base conjugate acid 
е: збењ = 5 
; ~ я: м сл CHOH 
ari cuj ëh * 9189 


acid A ase conjugate base conjugate acid 
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2.5 To draw the products: 
[1] Find the acid and base. 
[2] Transfer a proton from the acid to the base. 
[3] Check that the charges on each side of the arrows are balanced. 


t О: 
V Ren 54 . 
а. ChC-CG. эл кш, E сб-@ + НО-СНа (-)1 charge on each side 


:O-H г 
acid base 
b. ново H = H-C=C7 + ho (-)1 charge on each side 
acid base 
oe oe + oe 
C. CH3—NH> + Hyg CH3—NH3 + :Cl net neutral on each side 
base acid 


d. CH4CH4-O-H +  H4OSO,H = CH,CH;-O*H + OSOsSH net neutral on each side 


» : H 
base acid 
2.6 Draw the products in each reaction as in Answer 2.5. 
j е HCI F _ 
а. CH3OH СНзОН» + CI с. (СНз)з№ (СНз)зМН + CI 
E HCI + 
b. (СНзСН?2)20 HR (СНзСН2)>ОН + СГ d. [№ M + СГ 


2.7 The smaller the pKa, the stronger the acid. The larger Ka, the stronger the acid. 


OH СНз 
a. CH 3CHsCH3 or CH4CH2OH b. СУ or Cy 
pK, = 50 pK, = 16 
К. = 10-10 К. = 1078 
smaller pK, 


stronger acid 
larger Ka 


stronger acid 


2.8 To convert from K, to pKa, take (—) the log of the Ka; pK, = -log Ka. 
To convert pK, to Ka, take the antilog of (—) ћерка. 


а. Ка= 1079  K,-10? K,252x10? БЫ. рка=7 рКа=11 рКа=3.2 


pK,=10 pk,=21 pK, = 4.3 К. =10-7 К, = 10-11 К, = 6.3 х 10-4 
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2.9 Since strong acids form weak conjugate bases, the basicity of conjugate bases increases with 
increasing pK, of their acids. Find the pKa of each acid from Table 2.1 and then rank the acids in 
order of increasing pKa. This will also be the order of increasing basicity of their conjugate 


bases. 
a. Increasing acidity b Increasing acidity 
i — — . 
H20, NH3, CH, HC=CH, CH;-CH,, CH, 
pK,- 157 38 50 pK,= 25 44 50 
conjugate bases: “ОН, NH», “CH3 conjugate bases: ~C=CH, "снасн,, "СНа 
ниж m 
Increasing basicity Increasing basicity 


2.10 Use the definitions in Answer 2.9 to compare the acids. The smaller the pKa, the larger the Ka 
and the stronger the acid. When a stronger acid dissolves in water, the equilibrium lies farther to 


the right. 
HCO5H (СНз)зССО>Н 
formic acid pivalic acid 
pK, = 3.8 pK, = 5.0 
a. smaller pK, = larger Ky с. weaker acid = stronger conjugate base 


b. smaller pK, = stronger acid 
d. stronger acid = equilibrium farther to the right 


2.11 To estimate the pK, of the indicated bond, find a similar bond in the pK, table (Н bonded to the 
same atom with the same hybridization). 


a Суы b =“ с. BrCH soon 
. s а 2 


For NH3, pK, is 38. For СНАСЊОН, For СНзСООН, pK, is 4.8. 
estimated pK, - 38 pK, is 16. estimated pK, = 5 
estimated pK, - 16 


2.12 Label the acid and the base and then transfer a proton from the acid to the base. To determine if 
the reaction will proceed as written, compare the pK; of the acid on the left with the conjugate 
acid on the right. The equilibrium always favors the formation of the weaker acid and the 
weaker base. 


a. CH=CH; + H: CH,=CH + Hp Equilibrium favors 
acid base conjugate base conjugate acid the starting materials. 
pK, = 44 pk, = 35 
weaker acid 
Be ee ж UE SNL ee Equilibrium favors 
acid base conjugate base conjugate acid {һе starting materials. 
pK, = 50 pK, = 15.7 
weaker acid 
с. CHCOOH + сњењо: == сњсоо“ + сњсњон Equilibrium favors 
acid base conjugate base conjugate acid the products. 
pK, = 4.8 pK,- 16 


weaker acid 
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d. :Cl: +  CH3CH;OH к= НСІ: + CH3CH50 7 Equilibrium favors 
А | ; : the starting materials. 
base acid conjugate acid conjugate base 
pK, = 16 рК = – 
weaker acid 


2.13 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


СНзСООН | . 
pK, = 4.8 Acid pK; Conjugate base 
Any base having a conjugate HCI =/ ог not strong enough 
acid with a pK, higher than HC=CH 25 HC2C-—4 
4.8 can deprotonate this acid. H2 35 H- strong enough 
HC=CH Acid pK, Conjugate base 
pK, = 25 Н, 35 H- 
All of these acids have a higher pKa NH3 38 -NH3 
than HC=CH, and a conjugate СН»=СН» 44 CH=CH- 
base that can deprotonate HC=CH. CH, 50 СН 


2.44 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


CH3CN ; | 
pK, = 25 Вазе Conjugate acid pK, 
Any base having a conjugate ee НОЕ _ is Only NaH and NaNH; 
acid with a pK, higher than NaOH. HO ae are strong enough to- 
25 can deprotonate this acid. NaNH; NH; 38 deprotonate acetonitrile. 
NaHCO; Н>СОз 6.4 


2.45 The acidity of H-Z increases across a row and down a column of the periodic table. 


a. МНз, ЊО b. HBr, HCl с. HS, HBr 
O is farther to the right in Br is farther down Br is farther across and down 
the periodic table. the periodic table. the periodic table. 
stronger acid stronger acid stronger acid 


2.16 Compare the most acidic protons in each compound to determine the stronger acid. 


a. CH3CH2CHsNH» or (CH3)3N b. CH3CH2OCH3 or CH3CH35CH2OH 


М-Н bond С-Н bond С-Н bond О-Н bond 
N is farther to the right in O is farther to the right in 
the periodic table. the periodic table. 
stronger acid stronger acid 
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2.17 Look at the element bonded to the acidic Н and decide its acidity based on the periodic trends. 
Farther right and down the periodic table is more acidic. 


most acidic most acidic most acidic 


a. CH3CH2CH)CH OH b. HOCH;CH;CH5NH5 
Molecule contains С-Н 
and O-H bonds. 
O is farther right; therefore, 
O-H hydrogen is the most acidic. 


с. (CH3)2NCH2CH2CH2NH2 
Molecule contains C-H and М-Н 
bonds. 
N is farther right; therefore, 
N-H hydrogen is the most acidic. 


Molecule contains С-Н, 
N-H, and O-H bonds. 
O is farthest right; therefore, 
O-H hydrogen is the most acidic. 


2.18 The acidity of HA increases across the periodic table. Pseudoephedrine contains C-H, М-Н, and 
О-Н bonds. The О-Н bond is most acidic. 


= H-O H 
N, 
pseudoephedrine 


2.19 More electronegative atoms stabilize the conjugate base, making the acid stronger. 


Compare the electron-withdrawing groups on the acids below to decide which is a stronger acid 
(more electronegative groups = more acidic). 


a. ССЊСООН or FCH2COOH c. CHCOOH ог | O;NCH;COOH 
more acidic more acidic 
F is more electronegative than Cl, making the А : : : 
S à с : не NO» is electron withdrawing, making the 
O-H bond in the acid on the right more acidic. О-Н bond in the acid on the 
right more acidic. 
b. CI CHCH2OH or CloCHCH2CH20H 
Cl is closer Cl is farther from the 
to the acidic O-H bond. O-H bond. 
more acidic 
2.200 More electronegative groups stabilize the conjugate base, making the acid stronger. 
HOCH2CO3H CH3CO;H 
an a-hydroxy acid acetic acid 
The extra OH group contains an electronegative 
O, which stabilizes the conjugate base. 
stronger acid 
2.21 


The acidity of an acid increases when the conjugate base is resonance stabilized. Compare the 
conjugate bases of acetone and propane to explain why acetone 1s more acidic. 


T base ST A T 2 resonance structures 

~ eT 7 ~ more stable conjugate base 

CHj “СНз сн "CH, CHé "CH Acetone is nore acidic. 
acetone One resonance structure places the (-) charge on the 

pK, - 19.2 


more electronegative O atom. This is especially good. 
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base 


CH3CH2CH3 CH3CHsCH> only one Lewis structure 
propane less stable conjugate base 


pK, = 50 (Any C-H bond in the starting 
material can be removed.) 


2.202 The acidity of an acid increases when the conjugate base is resonance stabilized. Acetonitrile 
has a resonance-stabilized conjugate base, which accounts for its acidity. 


H H H 
| Базе | f | * _ The negati h is stabilized b 
=(б=б=үм: TNT, а = н-с=с=ї: gative charge is stabilized by 
y н—С-С=М а delocalization on the C апа М atoms. 
acetonitrile 


(one Lewis structure) Having the (-) charge on the electronegative N atom adds stability. 


2.23 Increasing percent s-character makes an acid more acidic. Compare the percent s-character 
of the carbon atoms in each of the C-H bonds in question. А stronger acid has a weaker 
conjugate base. 


H H 
а. к ог а » OS a e: 


ое C sp? hybridized C sp? hybridized C | sp? hybridized C 
ОВЕН 25% 5-сћагасјег 33% s-character | 25% s-character 
base more acidic base base more acidic 
base 


CH4CH;-CZ2C: or CH3CH»CH»CH> w =H 
stronger ы 


njugate bas 
conjugate base stronger 


conjugate base 


2.24 To compare the acids, first look for element effects. Then identify electron-withdrawing 
groups, resonance, or hybridization differences. 


C is farthest leftin intermediate О is farthest rightin C is farthest leftin intermediate О is farthest right in 


the periodic table. acidity the periodic table. the periodic table. acidity the periodic table. 
CH bond is OH bond is CH bond is OH bond is 
least acidic. most acidic. least acidic. most acidic. 
b. CHCH CHOH CHCH COOH BrCH COOH 
OH group intermediate Bris electron withdrawing 
least acidic acidity and the conjugate base 


is resonance stabilized. 
most acidic 
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2.25 Look at the element bonded to the acidic Н and decide its acidity based on the periodic trends. 
Farther right and down the periodic table is more acidic. 


most acidic 


| 


О 
OH 


most acidic 


CT жы “COA, 
THC 


N A 
H 
lol OH~— most acidic 
ketoprofen ргоргапоо 
tetrahydrocannabinol The molecule contains C-H The molecule contains С-Н, 
The molecule contains C-H and О-Н bonds. М-Н, and О-Н bonds. 
and O-H bonds. O is farther right; therefore, O is farthest right; therefore, 
O is farther right; therefore, O-H hydrogen is the most acidic. O-H hydrogen is the most 
O-H hydrogen is the most acidic. acidic. 
2.26 Draw the products of proton transfer from the acid to the base. 
a. eae м === (CH3),CHO: Nat + Н, 
асіа Базе conjugate base conjugate acid 
a NA + 
b. (CH9;CHO-H + H4OSO,H == (CH3eCHQHs + HSO, 
base acid conjugate acid conjugate base 
с. (CH)eCHO-H + Li* -МСН(СН.) 5 (СНз)>СНО: Lit + HN[CH(CH3)le 
acid base conjugate base conjugate acid 
DO P5 
d. rr ae бои ===  (CH4eCHOH; + ~OCOCH, 
base acid conjugate acid 
2.27 


conjugate base 


To cross a cell membrane, amphetamine must be in its neutral (not ionic) form. 


CH3 protonation CH; deprotonation 
‘NH, , by HCI in 


hil 
in the intestines у 
ће stomach нь "МН. 
amphetamine H absorption here | 
in the neutral form 
2.28 Lewis bases are electron pair donors: they contain a lone pair or a л bond. 
а. NH3 b. CH3CH2CH3 с. H: d. H—C2C-H 
yes - has no - no lone pair yes - has yes - has 
lone pair or x bond lone pair 
2.29 


2 x bonds 


Lewis acids are electron pair acceptors. Most Lewis acids contain a proton or an unfilled 
valence shell of electrons. 


a. ВВгз b. CHgCH20H c. (СНз)зС* d. Br- 
es yes yes no 
unfilled valence shell contains a proton unfilled valence shell 
on B on C 


no proton 
no unfilled valence shell 
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2.30 Label the Lewis acid and Lewis base and then draw the curved arrows. 


new bond 
NER m INS И u . 
а. BF + CHs4-O0-CHs = ЕВ: b. (CHj;CH + Юн ———-  (CH3;CHOH 
CH 
Lewis acid Lewis base T ° Lewis acid Lewis base 
unfilled valence shell lone pairs unfilled valence lone pairs 
on B onO shell on C on O 


2.31 А Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile other 
than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the starting 
materials and then draw the products. 


С! 
jd M" CI-AI-CI 
>. са ie "uu 
а. CH3CH,—-O—CH2CH3 + ВВ, ——- CH4CH; -O- CH;CH; b. au ge e + АС. — n 
3 А А 
Lewis base Lewis acid j | Lewis acid CH; “сн. 
nucleophile | Lewis base electrophile 
E „electrophile nucleophile unfilled valence shell 
lone pairs unfilled valence shell lone pairs А 
on O оп В оп О 5" 


2.32 Draw the product of each reaction by using an electron pair of the Lewis base to form a new 
bond to the Lewis acid. 


CHs 
4 CHs-B—CHs 
a. CH3CH5 -N- CH;CH; + В(СНз)з — * CHgCHp N= CH;CHs 
CHsCH3 CH2CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
оп М оп В 
GHs 
- CHs-G-0Hs 
b. СнНзбН»—М—ОН;ОНЗ + *С(СНз)з —— CH,CH;-N- CH;CHs 
СЊСНа CH2CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
onN оп С 
С! 
CI-AI-CI 
C. CH;CH;-N-CH;CHs + АС ——- CHSCH?-N- CH;CH; 
CH2CHs CH2CHg 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 


оп М on А! 
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2.33  Curved arrows begin at the Lewis base and point towards the Lewis acid. 


new С-Н bond 
CH3 " н CH 
7 | > | | / 3 xa. 
Bhce T H50, —— H^c-ox + 20 
H н H 


Lewis base Lewis acid 
contains a x bond contains a proton 


2.34 То draw the conjugate acid of a Bronsted—Lowry base, add a proton to the base. 


ШЕ + 
.. ER Е N CH34CH3NH5CH 
a. Н2О: H3O * d. CH3CH2NHCH3 3 2 2 3 
H 
E н T - н? |+ 
р. :МН, NH3 e. CH3OCHs СНз—О-СНз 
B Е + 
с. НСОз Н2СОз f. СНСОО CH3COOH 


2.35 То draw the conjugate base of a Brensted-Lowry acid, remove a proton from the acid. 


+ 


+ — = 
а. HCN Н -cN d. нс=сн —P— нс=с 
+ ые 
b. HCO; Н, CO- e. CH4CH,COOH CH4CH;COO 
+ + т _ 
с. (СНз)2МН» (СНз)>МН f. CH34SO,H СНз5Оз 


2.36 То draw Фе products of an acid-base reaction, transfer а proton from the acid (H2SO, in this 


case) to the base. 
(6-4 + HSO% 


H 


+ = 
o [у +) + H- OSes — [№ + HSO, 


є [don «1 + Озон —— С уњ + HSO, 
Н 
au^ Е 
а. N-CH; + M-~OSO;H ———- =, НЭЭ: 
DER Des — (OR 


2.37 To draw the products of an acid—base reaction, transfer a proton from the acid to the base (OH 


in this case). 
"E "T 
a. M + K*:OH О: Kt + њо 


би + + H« ан 
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2.38 Label the Brønsted-Lowry acid and Bronsted—Lowry base in the starting materials and transfer 


a proton from the acid to the base for the products. 


а. Снзб уН + NH, CHO: + NH3 


acid base conjugate base conjugate acid 


О: oe 
V O: 
—< ee vf, 
b. Снусн„—С, (От cH, === сњоњ-6 4 


acid base E 
conjugate base 
с. BD а z 
СНзСН»-С=С-Н + `H — CH34CH2- С=С: 
acid base conjugate base 


Lo 


d.  (CHgCHa)sN + НЕСЕ 


+ m 
(CH3CH5)4NH + :СЕ 


HO- CH; 
conjugate acid 


T H2 
conjugate acid 


base acid conjugate acid conjugate base 


e. CH,CH;-0-H + НВг: CH.CH;-O-H + 


base acid H 


‘Br 


conjugate acid conjugate base 


t сњо=с Я HOH 


CH,CECH + HO? 


base acid conjugate acid conjugate base 


2.39 Label the acid and base in the starting materials and then draw the products of proton transfer 


from acid to base. 


T О 
dem N C. 
a OD a От + 
+ МН + NH, 
acid base 
2 p 
E ca Nat HCO; == Е.С С. + 
acid :О-Н Базе О: ма" 


СНз-С=С: ма“ 


+ Мн» 
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d. CH,CH-02H + KÖH = === CH,CH,-O? к? + HÖ: 


acid base 
O H 
e. CH,-N-H + <= => = CH;-N-H + cH во; 
СНз О СНз 
Базе acid 
О: mh 
С ш H—OSO3H me С HSO 
Ко сн ^^ cH wo сну тень * i 
base acid 


2.40 Label the acid and base in the starting materials and then draw the products of proton transfer 
from acid to base. 


у $ "T 
a. { У ononon + iis СНСН(СНз)МНа + :СЕ 


раѕе асіа 
b. { У емененя № н + + Na H — € peron n NH + H 
RY 
acid H base 


2.41 Draw the products of proton transfer from acid to base. 


.CHs Н Chs 
coon N СОО” ма» 
4 + Nat:OH + HÒ: 
СНО " CH3O 
acid base 
H, EN H, CH,CH;NH;CH; 


A = " и ELE о) 
асіа 


2.42 Draw the products of proton transfer from acid to base. 


base 


Fs CF; 


nou MEE + 
{У—очононыбненуон, + HTOCOCHą CHzCH(CH3)NHCH;CHs + ~OCOCH; 
H 


base acid 
— + - 
CH5C(CH3)eNHo + Пе СНС(СНз)МНз + OCOCH3 


base acid 
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2.43 То convert pK, to Ka, take the antilog of (—) the pKa. 


a. Н b. CICH;COOH c. НСМ 
pK, = 7.0 pK, = 2.8 pk, = 9.1 
K, = 1077 Къ = 1.6 x 1073 Къ =7.9 x 10710 


2.44 To convert from К, to pKa, take (—) the log of the Ka; pK, = -log Ka. 


+ + 
a. {Ус b. «ум, c. CFCOOH 


Ka = 4.7 x 10710 К, = 2.3 х 1075 Къ = 5.9 х 1071 
pK, = 9.3 pK, = 4.6 pK, = 0.23 


2.45 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


а. ЊО Acid pK, Conjugate Базе 
pK, = 15.7 СНСЊОН 16 CH4CH;O- 7 
Any base with a conjugate = 25 rm- 
acid having a pK, higher than d Нено Strong 
15.7 can deprotonate it. Ho 35 H enough to 
NH3 38 -NH5 R 
CH=CH; 44 CH=CH- “a 
CH, 50 СН; 
с. CH, 
b. NH 
pK, = 38 Acid pK, Conjugate base pK,-50 © 
Any base with a conjugate CH=CH, 44 CH2-CH' | Strong enough to There is no base with a 
acid having a pK, higher than CHa 50 СНз” | deprotonate NH3. шк is А рКа 
38 can deprotonate it. Igher than 59 In the 


table. 


2.46 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


Base Conjugate acid pK, 
CH3CH2CH,C=CH Но НзО+ —1.7 
pK, = 25 NaOH НО 15.7 
Any base having a conjugate NaNH; NH3 38=— 
acid with a pK, higher than RE red 9.4 А 
а је наш CH, aa to deprotonate the acid. 


2.47 ОН can deprotonate any acid with a pK, < 15.7. 


a. HCOOH b. HS c. or. d. CH4NH; 


pK, = 3.8 pK, - 7.0 


. | pK, = 41 pK, = 40 
stronger acid stronger acid weaker acid weaker acid 
deprotonated deprotonated | | 


These acids are too weak to be 
deprotonated by "OH. 
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2.48 Draw the products and then compare the pK; of the acid on the left and the conjugate acid on the 
right. The equilibrium lies towards the side having the acid with a higher pK, (weaker 


acid). 
Ө: d c P = 
a. CF$-C :OCH;CHs =~  CF4-C, + HOCH;CH, products favored 
OOH :0: pK, = 16 
pK, = 0.2 
О: О: 
b. CH,CH,- C (+ ме = CHCH- + HCI: starting material favored 
A" :0: Nat pK, =-7 
pk,=~5 
UN + - 
c. (CHj.COH + ново =“ (СНУзбОН, + "SO. products favored 
pK, =-9 рКа = ~ –3 
а 3 ГМА+ 
б O ы Nu Отма 
d. + Na*HCO, == + HCO; starting material favored 
pK, = 6.4 
pK, = 10 
е. МЕН. + Lit CHCH; = H-C=C: Lit + CH4CH 
ae iuis products favored 
pK, = 25 pK, = 50 


T + = 
f СНзМНЬ + ПРОЗЕ =~ CH3NH3 + HSO, products favored 


pK, =-9 рКа = 10.7 


2.49 Compare element effects first and then resonance, hybridization, and electron-withdrawing 
groups to determine the relative strengths of the acids. 


a. Acidity increases across a row: f. increasing acidity: H2O < H5S < НС! 
NH; < H20 < HF Compare НСІ and SH bond first: 
acidity increases across a row. 


UE H-CI is more acidic. 
b. Acidity increases down a column: 


HF « HCI « HBr Compare OH and SH bonds: 
acidity increases down a column. 
SH is more acidic. 


С. increasing acidity: "OH < H20 < H30 + 9. СНСН,СНз, СІСНСН,ОН, СНАСЊБОН 


d. increasing acidity: МНз < Н2О < Н25 only C-H bonds O-H bond and O-H bond 
Compare NH and OH bonds first: weakest acid ^ electron-withdrawing С! 
acidity increases across a row. strongest acid 
OH is more acidic. increasing acidity: CH3CH2CH3 < СНАСЊОН < CICH2CH2OH 
Then compare OH and SH bonds: h. НС=ССНСНз CH3CH2,CHsCH3; CH,C=CCH, 
acidity increases down a column. ü [a 
SH is more acidic. 
sp C-H all sp? C-H sp? С-Н 
€. Acidity increases across a row: strongest acid weakest acid 
CH3CH3 < CH3NH> < CH3OH 


increasing acidity: CH43CH2CH2CHs < CH3CH=CHCH3 < HC=CCH2CH3 
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2.50 The strongest acid has the weakest conjugate base. 


a. Draw the conjugate acid. | d. Draw the conjugate acid. 
Increasing acidity of conjugate acids: Increasing acidity of conjugate acids: 
CH3CH3 < CH3NH5 < CH30H 


increasing basicity: СНзО < СНЗМН < CH3CH> ФЕ 2 (окон < { )—с=сн 
b. Draw the conjugate acid. р | m 
Increasing acidity of conjugate acids: increasing basicity: 
CH, < H2O < HBr 


| а: " ARE ( Yoc < ФЕ < (onthe 
increasing basicity: Br « HO < СН» 


c. Draw the conjugate acid. 
Increasing acidity of conjugate acids: 
CH3CH2OH < СНзСООН < CICH2COOH 


increasing basicity: ССЊСОО < СНСОО < CH3CH;O 


2.51 More electronegative atoms stabilize the conjugate base by an electron-withdrawing 


inductive effect, making the acid stronger. Thus, an O atom increases the acidity of an acid. 


+ # Nt 
( NH2 О NH2 
pK, = 11.1 


The O atom makes this cation the stronger acid. 
pK, = 8.33 
2.52 In both molecules the OH proton is the most acidic H. In addition, compare the percent s- 


character of the carbon atoms in each molecule. Nearby C's with a higher percent s-character can 
help to stabilize the conjugate base. 


HC=CCO3H 
pK, = 1.8 pK, = 4.9 
The sp hybridized C's of the triple bond have a higher percent 
s-character than an sp? hybridized C, so they pull electron 
density towards them, stabilizing the conjugate base. 
stronger acid 


CH3CH5CO5;H 


2.53 


CH3CH2CH; —H 


Cy The negative charge on O 
CH2—H сну ^CH;—H is good. This makes this 
resonance structure 
pKa = 50 pK, = 43 pK, = 19.2 especially good. 
conjugate base: 


= „СНз _ „СНз :0: :0: 
CH3CHCH, CH;-G :CH2-C | l 


а е. „б. 
CH; ‘CH, | CH “CH, сн; SCH, 


one Lewis structure 


C two resonance structures 
weakest acid 


two resonance structures 
negative charge delocalized negative charge delocalized 
on two carbons on one O and one C 
strongest acid 
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2.54 


2.55 


2.56 


2.57 


To draw the conjugate acid, look for the most basic site and protonate it. To draw the conjugate 
base, look for the most acidic site and remove a proton. 


T T v m РА MON 
NHs ӧн - i == We 26 


A 


conjugate acid most basic site most acidic proton conjugate base 
Remove the most acidic proton to form the conjugate base. Protonate the most basic electron 
pair to form the conjugate acid. 


only O-H bond ; ; T d 
most acidic proton most basic electron pair 


| Increasing basicity: s. 
eod ncreasing basicity: Ше 
E = Hen 


ibuprofen | cocaine 
conjugate base: conjugate acid: TE 4 m 
и OCH3 
COO . 
iO 


A lower pKa means a stronger acid. The pK, is low for ће С-Н bond in CH3NO; due to 
resonance stabilization of the conjugate base. 


Co B 7 - 
H-C-N* = H-C-N+ H-C-N- H-C-N- 
н 207 : :0: 02 


The negative charge is delocalized on the 
electronegative O atom. This stabilizes 
the conjugate base. 


Compare the isomers. 
О 
dimethyl ether СНУ СОН» CH4CH5OH ethanol 


All H's are on C. One O-H bond 
O-H bonds are more acidic 
than С-Н bonds. 


more acidic 
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2.58 Compare the Lewis structures of the conjugate bases when each H is removed. The more stable 
base makes the proton more acidic. 


И ТА Е ое о cb T 


| s 1 | 
Он H Он H Он H 
more acidic proton 


The negative charge on N is 


H H 
| | stabilized by resonance. 
HN uN This conjugate base is more 
A, A wie _ PN stable, so it is formed by 
10: o NAR — :0: o w^ ^N removal of the more acidic H. 
он H :OH 
В по resonance stabilization 
formed from the weaker acid 


less acidic proton 


2.59 Draw the conjugate base to determine the most acidic hydrogen. 


zer 0 > О: 
H H H H 


Resonance stabilization of the conjugate base resonance-stabilized conjugate base 
makes this the most acidic proton. 
In Appendix A, the closest compound for 
comparison 15 CH3CO2CHsCHs3 with a pK, of 
24.5; therefore, the estimated pK, of ethyl 
butanoate is 25. 


2.60 Look at the element bonded to the acidic H and decide its acidity based on the periodic trends. 
Farther right across a row and down a column of the periodic table is more acidic. 


F OH m^ most acidic 


a. | did b. c. ГҮ ТҮ 
Сон о о NH CH.O 
№ CI p ES 

most acidic О 


most acidic 
The molecule contains C-H and O-H The molecule contains C-H and М-Н The molecule contains C-H, М-Н, 
bonds. O is farther right in the bonds. N is farther right in the and O-H bonds. О is farthest right in 
periodic table; therefore, the О-Н periodic table; therefore, the М-Н the periodic table; therefore, the O-H 
hydrogen is the most acidic. hydrogen is the most acidic. hydrogen is the most acidic. 
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2.61 


2.62 


2.63 


Use element effects, inductive effects, and resonance to determine which protons are the most 
acidic. The H's of the CH; group are least acidic since they are bonded to an sp? hybridized C 
and the conjugate base formed by their removal is not resonance stabilized. 


c>b>a 
lacte acid тч Both O-H protons [(b) and (c)] are more acidic than the С-Н proton 
OH | (а) by the element effect. The most acidic proton has added 
A с resonance stabilization when it is removed, making its conjugate 
base the most stable. 
b 
О ipt 
А Ки resonance stabilization 
үне = о: = О: negative charge on О in both resonance structures 
y loss of (c): Н :он H :OH This makes (c) most acidic. 
:0: 
conjugate базе coe no resonance stabilization, but 
by loss of (b): н 5: Е negative charge оп О, an electronegative atom 
:0: б: : . 
. Е This conjugate base has two 
conjugate base ~; он ~~ Zu resonance structures, but one 
by loss of (a): Her он Places a negative charge on C. 


Lewis bases are electron pair donors: they contain a lone pair or a x bond. Brensted-Lowry 
bases are proton acceptors: to accept a proton they need a lone pair or a л bond. This means 
Lewis bases are also Brensted-Lowry bases. 


(Quo lone pairs on O 
a. pou both с. d. 
H^ ^H 


л bonds 


Е СН – с: <— neither = no lone pairs 
b 3 lone pairs on CI p both 


both огл bond 


A Lewis acid is an electron pair acceptor and usually contains a proton or an unfilled valence 
shell of electrons. A Brensted-Lowry acid is a proton donor and must contain a hydrogen 
atom. АП Brensted-Lowry acids are Lewis acids, though the reverse may not be true. 


a. НзО+ Бебе c. ВСІ d. ВЕ, 
both - Lewis acid - Lewis acid - neither - 
contains a H unfilled valence unfilled valence no H or unfilled 


shell on C shell on B valence shell 
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CI 
5 8 
а. :Cl: + ВС» — свої с. 
Lewis base Lewis acid Cl | 
new bond 
СНз Jh СНз CHs 
b. LS _ N 
с=с + Hp0S064H —— 0н 
/ N Ый - CH + | EN 
CHs СНз Lewis acid 3 Сн» 
Lewis base 
2.65 


б: iO: 
p 10H CH4-C-Gl: 
сну COR > р 
Lewis base :ОН 


Lewis acid 


+ HSO, 


new bond 
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i5: 


new bond 


A Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile other 


than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the starting 


materials and then draw the products. 


í = + 
a.  CH,CH,OH + BF, PEs M db OH, 
nucleophile electrophile CHACH OEH. — xh @ + ЊО CY 
, nucleophile 
electrophile 
ты “AICI, 
b. CH3SCHs + АСЬ СН.-8=СНЬ г " Br 
nucleophile electrophile е.:Вг—Вг: + РеВгз =: Вг Вг Fe Br 
CH a. СНз | nucleophile — electrophile Br 
cœ б=0 ROBES C-0-BF; 
СН CH3 
nucleophile electrophile 
2.66 Draw the product of each reaction. 
E СЕВ о ОН 
а. снасн;— 6 + Но CHCH- c- "oH, d. CH3CH;- C + NH3 CH3CH2-Ç-NH; 
CH2CH3 CH;CHa CHCH; CH2CH3 
CHCH CHCH; CH CHCH CHCH; CH 
Ee ОР. 3 = 3 M re 3 => 3 
b. CHCH- + СНЗОН CH34CH;— G= “OH e. CH4CH;— e (СНз)>МН CH4CH;— C—NHCH, 
CH5CHs CH;CH; СЊСНа CH2CH3 
И. снасн; m 
с. CH,CH;-C" + (СНО CH4CH,— p om СН 
СЊСНа CH,CH; 
2.67 
nucleophile 
Nd Tel 
EN proton transfer «Он; | _ rd 2 
s + H Br = PS + :Вг: + ЊО: 


electrophile 
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AUN Br 
b. CY e proton transfer Cy «iB CY 


electrophile | 
nucleophile 


=ч es Br 
с. CY + Br Gu *:Br proton transfer CY + HBr 
H | H 


nucleophile electrophile 


2.68 Draw the products of each reaction. In part (a), OH pulls offa proton and thus acts as a 
Brensted-Lowry base. In part (b), OH attacks a carbon and thus acts as a Lewis base. 


+ _. oN А 
а. EA, C(CH3)2 > H20: + CH2-C(CH3)o b. он + (CH3)3C* (CH3)3COH 
сон 
2.69 Answer each question about esmolol. 
most acidic 
2 ү5есопа most acidic 
Esmolol contains C-H, М-Н, and O-H bonds. 
H , 5 
a. o Дом Since acidity increases across a row of the 
Y periodic table, the OH bond is most acidic, 
CH30 followed by the NH bond. 
О esmolol 
O-H | ма“ :0: T 
b дао Nat H: and 
CH4O CH4O +H 
О О 
:O-H H ^ :OH HH 
с О М А: О М 
MN н—С: 2d 
сно TA CH4O "ОГ 
О О 
| OH 
d, e, f. 6 Lo R All sp? C are indicated with an arrow. 
Ё * * ЫШ Тре М is the only trigonal pyramidal atom. 
CH30 | До = The à* C's are indicated with а (*). 
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2.70 Draw the product of protonation of either O or N and compare the conjugate acids. When 
acetamide reacts with an acid, the O atom is protonated because it results in a resonance- 
stabilized conjugate acid. 

^ „Н resonance stabilization of the + charge 
e PR O is more readily protonated 
protonate О, CH Ao cH Pun because the product is 
О: 3 2 s z resonance stabilized. 
CG... 
aos . . 
СНУ МН ргоюпае М Q: 
: C. + no other resonance structure 
acetamide CH ^N 
3 3 
2.71 
О О О О О от 
ma ааг -O О 
pK, = 2.86 pK, =5.70 ~ "P 


о о 


оо 
9+ stabilizes the (-) charge 
of the conjugate base. 


The nearby COOH group serves 
as an electron-withdrawing group to 
stabilize the negative charge. This 
makes the first proton more acidic 
than СНзСООН. 


This group destabilizes the 
second negative charge. 


COO: now acts as an electron-donor group 
which destabilizes the conjugate base, 
making removal of the second proton more 
difficult and thus it is less acidic than СНАСООН. 


2.72 The COOH group of glycine gives up a proton to the basic NH» group to form the zwitterion. 


О 


- roton transfer + 4 
а. acts as a base ——- МН,СН, d P - NH4CHo- C 
OH —— acts as an acid өш 
glycine zwitterion form 
b. 2 рума , о 
4 
МНаСН»-С / Мнсн;-с + CI- 
:0: 


:OH 
most Basie site 

C. H-NH,—CH;-C : 

U `- o 


most acidic site 


О E 
x NH,CH;- 6. + Nat + ЊО: 


56 | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 2—24 


2.73 Use curved arrows to show how the reaction occurs. 


:0: ü :О: :0: 
[1] J E Га S a. 
"OH 


Protonate the negative charge on this carbon to form the product. 


2.74 Compare the OH bonds in Vitamin C and decide which one is the most acidic. 


Vitamin C 
This is the most acidic proton ascorbic acid 


since the conjugate base 5 “но 
most resonance stabilized. 


loss of H* 
OH OH 
M HO O. Co: HO D. бї 
mM ume cm T 
:0 :OH О :OH 
Removal of either The most delocalized anion 


of these H's does not with 3 resonance structures. 


give a resonance- 
E anion. 


ede loss of H* HO 
= Pa | 


Е: 2 resonance structures 


This proton is less acidic since its conjugate base is less 
resonance stabilized. 
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Chapter 3: Introduction to Organic Molecules and Functional Groups 


+ Types of intermolecular forces (3.3) 


Type of force Cause Examples 
van der Waals Due to the interaction of temporary dipoles АП organic compounds 
(VDW) * Larger surface area, stronger forces 
* Larger, more polarizable atoms, stronger 
forces 
dipole-dipole Due to the interaction of permanent dipoles (CH3)2C=O, НО 


(DD) 


Increasing strength 


hydrogen bonding Due to the electrostatic interaction of aH atom H20 
(HB or H-bonding) in an O-H, М-Н, or Н-Е bond with another М, 


O, or F atom. 


ion—ion Due to the interaction of two ions NaCl, LiF 


+ Physical properties 


Property 
Boiling 
point 
(3.4A) 


Observation 
e For compounds of comparable molecular weight, the stronger the forces the higher 
the bp. 
CH3CH2CH2CH2CH3 CH4CH,CH;CHO CH3CHsCHsCH20OH 
VDW VDW, DD VDW, DD, HB 
MW = 72 MW = 72 MW = 74 
bp = 36 °C bp = 76 °C bp = 118°C 


_——————————————— «98 
Increasing strength of intermolecular forces 
Increasing boiling point 


3.1 For compounds with similar functional groups, the larger the surface area, the higher 
the bp. 
CH3CH,CH2CH3 CH3CH»CH,CH»CH3 
bp = 0 °C bp = 36 °C 
Е 
Increasing surface area 
Increasing boiling point 


e For compounds with similar functional groups, the more polarizable the atoms, the 
higher the bp. 
CH3F CHgl 
bp = -78 °C bp = 42 °С 
— '  —— — ———pRÀ— 


Increasing polarizability 
Increasing boiling point 
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Melting * For compounds of comparable molecular weight, the stronger the forces the higher 


point the mp. 
(3.4B) 
CH3CH2CH2CH2CH3 CH3CH,CHsCHO СНаСН>СН>СН>ОН 
МОМ/ VDW, DD VDW, DD, HB 
MW - 72 MW - 72 MW = 74 
mp = -130 °С mp - -96 ?C mp = -90 °С 


т 


Increasing strength of intermolecular forces 
Increasing melting point 


For compounds with similar functional groups, the more symmetrical the 
compound, the higher the mp. 


CH3CH2CH(CH3)o (CH3)4C 
mp - -160 ?C mp = -17 °С 


Е 


Increasing symmetry 
Increasing melting point 


Solubility | Types of water-soluble compounds: 
(3.4C) e Tonic compounds 


* Organic compounds having = 5 C's, and an О or М atom for hydrogen bonding (for 
a compound with one functional group). 


Types of compounds soluble in organic solvents: 
* Organic compounds regardless of size or functional group. 


* Examples: 
EM ps 
:О: 


| 
C. EN 
СНА СОН» 


Key: VDW = van der Waals, DD = dipole-dipole, НВ = hydrogen bonding 
MW = molecular weight 


CH3CH2CH5CH5 — 
butane 


$ Reactivity (3.8) 


e Nucleophiles react with electrophiles. 
Electronegative heteroatoms create electrophilic carbon atoms, which tend to react with 


nucleophiles. 
* Lone pairs and x bonds are nucleophilic sites that tend to react with electrophiles. 
E. +> D ae: 
оњонг-0) (јон снь-б-снь CH3—N—CHg 
Й ilic site. ! t 
electrophilic site basic and nucleophilic site 
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Chapter 3: Answers to Problems 


3.1 
g^ kN 
д. H-OSO ВА = SO 
CHgCH—OH =. CHCH;-OH, + HSO, CHsCH3 ———- no reaction 
von Ма REO " 
снсн,-О2н Due СНзСН»-О: Ма“ + H2 CH3CH3 no reaction 
3.2 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 
alkene 
alkene 

(double bond) то. (double bond) 

НО,, | T ether S О, ь СО>СН»СНЗ 
carboxylic acid E ~ |. 
OH | NH; 
en shikimic acid amide | oseltamivir 
alcohols | 
(hydroxy groups) SS 
3.3 One possible structure for each functional group: 
| | п 0 
a. aldehyde = -C~ — PAON c. carboxylic acid = R-C~oH ——- CH34CH5CH „Сон 
- уде = в“ `H CH3CH,CH,~ ^H | Пери 
О 
i i C. .R [ 
b. ketone = вв = OH "OHoHs d. ester = Ro -CH3 


3.4 One possible structure for each description: 


О О 
С С 
а. CsH100 снасњењсн CH CH&CH;CHz^ ^ CHs 
aldehyde ketone 
O H O H 
ketone ——- | | ketone ——- Д c T 
b. CgH490 CH4CH;57 поене CHCH; bd ге 
Н 
i alkene H 


alkene 


59 


60 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 3—4 


3.5 Summary of forces: 
* All compounds exhibit van der Waals forces (VDW). 
* Polar molecules have dipole-dipole forces (DD). 
* Hydrogen bonding (H-bonding) can occur only when a H is bonded to an O, N, or F. 


a. с. (CH3CH3)aN e. CH3CH,CH,COOH 
only nonpolar C-C * VDW forces * VDW forces 
and C-H bonds * polar C-N bonds - DD * polar C-O bonds 
VDW only • по Ноп М so and a net dipole - DD 
no H-bonding * H bonded to O - 
T H-bonding 
b. ig d. CH;-CHCI f.  СН.-СЕС-СН: 
* VDW forces * VDW forces only nonpolar C-H and 
* 2 polar C-O bonds * polar C-CI bond - DD C-C bonds 
and a net dipole - DD VDW only 
* no H on O so 
no H-bonding 


3.6 One principle governs boiling point: 
* Stronger intermolecular forces — higher bp. 
Increasing intermolecular forces: van der Waals « dipole-dipole « hydrogen bonding 


Two factors affect the strength of van der Waals forces, and thus affect bp: 

* Increasing surface area = increasing bp. 
Longer molecules have a larger surface area. Any branching decreases the surface area of a 
molecule. 

* Increasing polarizability = increasing bp. 


a. (СНз)>С=СНЬ or (СНз)>С=О с. CH3(CHs)4CH3 or СНз(СН,)5СНз 


| | 


only VDW VDW and DD longer molecule, more surface area 


polar, stronger intermolecular forces higher boiling point 
higher boiling point 


р. СНАСЊСООН or CHS3COOCHs d. CHs=CHCI or СН,=СНІ 
| | по H-bondin Iis more polarizable. 
VDW, DD, and H-bonding 9 higher boiling point 


stronger intermolecular forces 
higher boiling point 


3.7 Increasing intermolecular forces: van der Waals < dipole-dipole < hydrogen bonding 


0 9 
pou 2С. „СНз 
CH3CH52 NH» H N 
| CH; 
М-Н bonds allow for hydrogen bonding. no hydrogen bonding 
stronger intermolecular forces weaker intermolecular forces 


higher boiling point 
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3.8 
a. PS or i i b. Хе ог У 
more polar | 
stronger intermolecular forces more spherical 
(H-bonding) packs better 
higher mp higher mp 
3.9 Compare the intermolecular forces to explain why sodium acetate has a higher melting point than 
acetic acid. 
0 0 
C C. 
CH; `OH CH; ^O-Na* 
acetic acid sodium acetate 


a. VDW, DD, ionic bonds 


a. VDW, DD, and H-bonding 
b. lonic bonds are the strongest: higher melting point. 


b. not ionic, lower melting point 


3.10 In the more ordered solid phase, molecules are much closer together than in the less ordered 
liquid phase. The shape of a molecule determines how closely it can pack in the solid phase so 
symmetry is important. In the liquid phase, molecules are already farther apart, so symmetry is 


less important and thus it doesn't affect boiling point. 


3.11 A compound is water soluble if it is ionic or if it has an О or М atom and < 5 C's. 


C. (CH3CH2CH2CH5)5N 


a. CH3CH20CH2CH3 b. CH3CH2CH2CH2CH3 
an O atom that nonpolar an N atom that can 
can H-bond with water not water soluble H-bond to H2O, but 
<5 C's >5C's 
not water soluble 


water soluble 


3.12 Hydrophobic portions will primarily be hydrocarbon chains. Hydrophilic portions will be polar. 


Circled regions are hydrophilic because they are polar. 
All other regions are hydrophobic since they have only C and H. 


arachidonic acid 


benzo[a]pyrene derivative 


norethindrone 
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3.13 Like dissolves like. 


* To be soluble in water, a molecule must be ionic, or have a polar functional group capable of H- 
bonding for every 5 C's. 


* Organic compounds are generally soluble in organic solvents regardless of size or functional 
group. 


nonpolar 


long hydrocarbon chain 
polar 


О gi o РА Bw 
а. oa » С) 
NŹ— polar | | 
О 


vitamin Ba nonpolar vitamin Ка 
(niacin) (phylloquinone) 
soluble in water due to 
two polar functional groups 
and only 6 C's in the molecule 


soluble in organic solvents 
two polar C-O bonds but the 
compound has » 10 C's 
water insoluble 


3.14 A soap contains both a long hydrocarbon chain and a carboxylic acid salt. 


ionic salt ionic salt 


a. CH3CO;2' Na* b. CH3(CH5)14CO2 Nat C. СНА(СН;) 2СООН 
short chain long chain no salt long chain 
carboxylic acid salt This is a soap because it contains This is a soap because it contains 
both a long chain and a carboxylic both a long chain and a carboxylic 
acid salt. acid salt. 


d. CH3(CH35)gCO2 Ма“ 


3.15 Detergents have a polar head consisting of oppositely charged ions, and a nonpolar tail consisting 
of C-C and C-H bonds, just like soaps do. Detergents clean by having the hydrophobic ends of 


molecules surround grease, while the hydrophilic portion of the molecule interacts with the 
polar solvent (usually water). 


a detergent 


MÁS 


| | So, Ма“ 
| polar head 
nonpolar tail ionic - hydrophilic 
hydrophobic 


This end interacts with the water solvent 


This end interacts with о maintain the micelle's solubility in water. 


the grease to dissolve it. 
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amide ester amide 
| ester 


3.16 


ester 
ester | 


ester 
О 
а к | ^ Sg T 2 О o^ ^w" -—amide 
Ir 


9 о 
О О 
О О у=о HN 4o н MT о! Го 
uy | N IN 
о O^ ум 
H 


ether | ether 
H О | 
LA... N4 О 


О 
ether | ether amide | Ó | 
ester 
ester ester | ester 
amide amide 
nonactin valinomycin 


3.17 Electronegative heteroatoms like М, О, or X make a carbon atom an electrophile. 


A lone pair on a heteroatom makes it basic and nucleophilic. 
л Bonds create nucleophilic sites and are more easily broken than o bonds. 


“рее 1 nucleophilic nucleophilic 
a. Cpa b. H-O-H с. LN. 
| » | СНз 
C bonded to Br ili 
nucleophilic 
electrophilic Не. electrophilic 
3.18 Electrophiles and nucleophiles react with each other. 
0 
а. СНзСН›-В + “OH  — YES с. ach + ОСН, —- YES 
electrophile nucleophile electrophile nucleophile 
b. CH,-C=C-CH, + Br —- NO d. | CH,-CXC-CH, + Br —- YES 
nucleophile electrophile 


nucleophile nucleophile 
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3.19 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 


PASS А А 
| “~ aromatic rings 


CH4-C-H 
CH3N(CH3) 


aromatic ring 


О 


Ho- 


carboxylic acid 


C. 


/ \ 


ester 


ibuprofen 


Darvon ‘amine 


МН» =— amine 


ere 


СОН а. 
alkene” 

carboxylic acid alkyne—————7 Ху alcohol 

pregabalin histrionicotoxin 
3.20 
OH CH;OH 
CH3—CH-CH2-CH3 СНзСНСН2СН› - OH СНз—СН-СНз 
alcohol alcohol alcohol 


Она 
CH4CH5-O- CH3CH5 CH4—-O - CH— СНз 


ether ether 


amide 
aromatic ring 
и amide sulfide 
N 
CH3 
e. ; 
О, NA СНз 
О 
СООН 
penicillin С 


| 


carboxylic acid 


3.21 A cyclic ester is called a lactone. A cyclic amide is called a lactam. 


‚ГЪ 


еїһег 


а. [y-o 


amine ester 


lactone 


3.22 Draw the constitutional isomers and identify the functional groups. 


L aldehyde 
Ho gr 


О О 
Д ketone — 
OH 


OH 
carboxylic acid м | 
я ester 
aldehyde E T 
H Agr 


alcohol — OH 


alkene 
PA Ao 
f. m үе 
6 о alkenes 
alkene ester | 
ketone 
pyrethrin I 
(На 
CH3—C—OH 
СНз 
alcohol 
CH4—O - CH2CH;CH5 
ether 
үн 
О 
amide 
lactam 
О О 
=E aldehyde — 
О 
а p tat H > 
ether 


alcohol 
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3.23 Use the rules from Answer 3.5. 


о О 
< 
ОСН 
O oO ai Teo 
м7 


VDW VDW VDW VDW 
dipole-dipole dipole-dipole dipole-dipole no dipole-dipole 
H-bonding (О-Н bond) по H-bonding (no О-Н bond) no H-bonding (no М-Н bond) (nonpolar C-C, С-Н bonds) 

no H-bonding (no O, N, F) 


3.24 Increasing intermolecular forces: van der Waals < dipole-dipole < H-bonding 


a. increasing intermolecular forces: c. increasing intermolecular forces: 
CH3CH3 < CH3Cl < CH3NH5 


| 


(CH3)2C=C(CH3)o < (CH3)>CHCOCH3 < (CH3)2>CHCOOH 


VDW УРА „VDW VDW VDW TT 
dipole—dipole а dipole-dipole dipole-dipale 
-bonding | 
b. increasing intermolecular forces: d. increasing intermolecular forces: ВОВЕ 
К ла снас! < снаон < NaC! 
Increasing polarizability | | 
stronger intermolecular forces VDW VDW ionic 
dipole-dipole dipole—dipole 
H-bonding 
3.25 
O- -H-O у 
/ у _ hydrogen bonding between 
E" ü ru СНз two acetic acid molecules 


3.26 А = VDW forces; В = H-bonding; С = ion-ion interactions; D = H-bonding; Е = H-bonding; 
Е = VDW forces. 


3.27 Use the principles from Answer 3.6. 
a. | CHg(CHs)4—I CHs(CH2)s —1 CHs(CH3)g —1 
-—ss—————————————————————— al 


Increasing size, increasing surface area, increasing boiling point 


b. CH3CH2CH2CH3 < (CH3)3N < CH3CH2CH5NH5 


VDW VDW VDW 
dipole-dipole dipole—dipole 
H-bonding 


MM 
Increasing boiling point 
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C. (CH3)5COC(CH3)s < CH3(CH»2)30(CHs)3CH3 < CH3a(CH2);OH 


VDW VDW VDW 
dipole—dipole dipole—dipole dipole—dipole 
smaller surface area larger surface area H-bonding 
highest bp 


ae 
Increasing boiling point 


d. ANN ON Br < OOO Хон < Pg OH 


VDW VDW VDW VDW 
dipole-dipole dipole-dipole dipole-dipole 
H-bonding H-bonding 


larger surface area 


Increasing boiling point 


e o св dd 


smallest surface area largest surface area 
most branching 


Increasing boiling point 


О ОН 

O Ò 
VDW VDW _ МОМ 
dipole-dipole ^ dipole-dipole 
H-bonding 


Increasing boiling point 


3.28 In CH3CH2NHCHs, there is а М-Н bond so the molecules exhibit intermolecular hydrogen 
bonding, whereas in (CH3)3N the М is bonded only to С, so there is no hydrogen bonding. The 
hydrogen bonding in CH3CH2NHCH; makes it have much stronger intermolecular forces than 
(CH3)3N. As intermolecular forces increase, the boiling point of a molecule of the same 
molecular weight increases. 


3.29 Stronger forces, higher mp. 


СНз В 6 СНз d = 
CH(CH3)o CH(CH3)o 


menthone menthol 
VDW VDW 
dipole-dipole dipole-dipole 
lower melting point H-bonding 


stronger forces 
higher melting point 
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3.30 Stronger forces, higher mp. More symmetrical compounds, higher mp. 


а. (CH3)3CH < (СНз)>С=О < (CH3)>CHOH CH3 Cl МН, 
VDW VDW VDW с. CY « CY « O 
DD DD 
H-bonding VDW VDW VDW 
Increasing intermolecular forces DD DD 
H-bonding 


Increasing melting point " 
Increasing intermolecular forces 


b. CH3F = СЊС < СНзІ = р Е 
Increasing melting point 
Increasing polarizability 
—  ——— s 
Increasing melting point 


3.31 
-119 °С -118 °С -91 °С -25 °C 
| not symmetrical not symmetrical | symmetrical most spherical 
higher mp highest mp 


In both compounds the СН» group dangling 
from the chain makes packing in the solid 
difficult, so the mp is low. 


This molecule can pack somewhat better 
since it has no CH3 group dangling 
from the chain, so the mp is somewhat 


This compound 
packs the best 
since it is the 


most spherical in 
shape, increasing 
its mp. 


higher. It also has the most surface area 
and this increases VDW forces compared 
to the first two compounds. 


3.32 Boiling point is determined solely by the strength of the intermolecular forces. Since 
benzene has a smaller size, it has less surface area and weaker VDW interactions and therefore a 
lower boiling point than toluene. The increased melting point for benzene can be explained by 
symmetry: benzene is much more symmetrical than toluene. More symmetrical molecules can 
pack more tightly together, increasing their melting point. Symmetry has no effect on boiling 


point. 
benzene CH3 toluene, 
bp = 80 °C and СУ а. 
тр = 5 °С mp =-93 


very symmetrical 
closer packing in solid form 
higher mp 


less symmetrical 
lower mp 
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3.33 Increasing polarity — increasing water solubility. 


Neither compound is very НО soluble. 


a. ICH.CH;CH;CHs < (CH3)3CH Е CH30CH2CH3 < CH3CH2CH5OH 


VDW VDW VDW VDW 
more spherical DD DD 
(This nonpolar, hydrophobic H-bonding 


molecule is more compact, 
making it more water soluble than its 
straight-chain isomer, drawn to the left.) 


» [= ( >= [он 


polar | polar polar and 
no H-bonding H-bonding to H20, H-bonding 
not itself More opportunities 


for H-bonding with its 
O atom and its H on O. 


3.34 Look for two things: 
¢ To H-bond to another molecule like itself, the molecule must contain a Н bonded to О, 
N, or F. 
• To H-bond with water, a molecule need only contain an О, N, or Е. 


Each of these molecules can H-bond to another These molecules can H-bond with water. All of 

molecule like itself. Both compounds have these molecules have an O or N atom. 

N-H bonds. b. СНзМНЬ, c. СНзОСНЬ, d. (CH3CH2)3N, 
b. СНзМНЬ, e. CH3CH2CH2CONH3 e. СНАСЊСНСОМН,, g. CH3SOCH3, 


h. CH3CHsCOOCH 


3.35 Draw the molecules in question and look at the intermolecular forces involved. 


no H bonded to O pw H bonded to O: 
Хо OH hydrogen bonding 


diethyl ether 1-butanol 
VDW forces VDW forces 


e dipole—dipole forces 
dipole-dipole forces H-bonding 


* Both have x 5 C's and an electronegative O atom, so they can H-bond to water, 
making them soluble in water. 
* Only 1-butanol can H-bond to another molecule like itself, and this increases its boiling point. 
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3.36 Use the solubility rule from Answer 3.13. 
CC _ = 
Ка 9 e "m i Kn 
үз о 


H 
DDT mestranol 
id | COOH 
noNorO 2 polar functional groups 
not water soluble but » 10 C's aspartame 
not water soluble many polar bonds with N and O atoms 
many opportunities for H-bonding 
OH water soluble 
ось HO 
| > HO о OH 
ü Ap N i 3 "x NNNM WO P 
f 
CH HO OH Z = — S 
3 OH 
caffeine Sd йб сагоїаїохїп 
: many polar bonds wit 1 polar functional group 
RA HAC prt Nando 11 O's and 12 C's but > 10 C's 
many opportunities for H-bonding many opportunities for H-bonding with НО not water soluble 
water soluble water soluble 
3.37 
(CH3)2CHCH(CH3)2 CH3(CH3)4CH3 CH3(CH2)5CH3 CH3(CH2)sCH3 
B C D A 
6 C's 6 C's 7 C's 8 C's 
Branching makes less no branching highest bp 
surface area, weaker VDW. 
lowest bp 


C, D, and A are all long chain hydrocarbons, 
but the size increases from C to D to A, increasing 
the VDW forces and increasing bp. 


Water solubility is determined by polarity. Polar molecules are soluble in water, while nonpolar 


3.38 
molecules are soluble in organic solvents. 
| CH Arrows indicate polar functional groups. | 
a ? снн» 
HO b. 
HOCH OH — 
сна ак ај 
СН О 2 
3 CH3 сн; СН. CH3 es N^ `ch, 
CH, | 
vitamin E pyridoxine 
IOE cc vitamin Bg 
only 2 polar functional groups 
many nonpolar C-C апа С-Н bonds (29 C's) many polar pen > bongs 


ми а њене ша It is also soluble т organic solvents since it 
= is organic, but is probably more soluble in H2O. 
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3.39 Compare the functional groups in the two components of sunscreen. Dioxybenzone will most 
likely be washed off in water because it contains two hydroxy groups and is more water soluble. 


OH O OH 


О О 


avobenzone dioxybenzone 
two ketones two hydroxy groups 
one ether one ketone 
one ether 


more water soluble 


3.40 Because of the O atoms, PEG is capable of hydrogen bonding with water, which makes PEG 
water soluble and suitable for a product like shampoo. PVC cannot hydrogen bond to water, so 
PVC is water insoluble, even though it has many polar bonds. Since PVC is water insoluble, it 
can be used to transport and hold water. 


UH 
О 
| no H-bonding 


H-bond Le 
png Foy. 
С CI CI CI 


poly(ethylene glycol) poly(vinyl chloride) 
PEG PVC 
water soluble water insoluble 


3.44 Molecules that dissolve in water are readily excreted from the body in urine whereas less polar 
molecules that dissolve in organic solvents are soluble in fatty tissue and are retained for longer 
periods. Compare the solubility properties of THC and ethanol to determine why drug 


screenings can detect THC and not ethanol weeks after introduction to the body. 
CH3 


[i 
© сн.сн,— OH 
(CH2)4CH3 


SIR A ethanol 
СНз 
tetrahydrocannabinol 
THC 
THC has relatively few polar Ethanol has 1 O atom and 
bonds compared to the number only 2 C's, making it 
of nonpolar bonds, making it soluble in water. 


soluble in organic solvents 
and therefore soluble in fatty tissue. 


Due to their solubilities, THC is retained much longer in the fatty tissue of the body, being 
slowly excreted over many weeks, while ethanol is excreted rapidly in urine after ingestion. 
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3.42 Compare the intermolecular forces of crack and cocaine hydrochloride. Stronger intermolecular 
forces increase both the boiling point and the water solubility. 


„СНз ionic bond н. +/CHs3 
N м 
COOCH3 Cl COOCH3 
О О 
2 2 
о-с o-c 
"о "о 
cocaine (crack) cocaine hydrochloride 
neutral organic molecule a salt 


The molecules are identical except for the ionic bond in cocaine hydrochloride. Ionic forces are 
extremely strong forces, and therefore the cocaine hydrochloride salt has a much higher boiling 
point and is more water soluble. Since the salt is highly water soluble, it can be injected 
directly into the bloodstream where it dissolves. Crack is smoked because it can dissolve in the 
organic tissues of the nasal passage and lungs. 


3.43 А laundry detergent must have both a highly polar end of the molecule and a nonpolar end of the 
molecule. The polar end will interact with water, while the nonpolar end surrounds the 
grease/organic material. 


H—O-H H-O-H 


a. YN) OCH CHO eoe CH CH, Ó -H 
| | 
ро!аг 
попро!аг interacts with water 


interacts with organic material by H-bonding at all O atoms, 
as well as H's bonded to O's. 


H 
H—O-—H | 
| О 


ОШ: 
НО Н. CH;CH,0-H H H 
~ 1 


р. Be a ae ee о о 
| 


‚О H-0-H H 
H-O-H | 
попројаг polar 
interacts with interacts with water 
organic material by H-bonding 


at O and H atoms 


72 


Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 3-16 


3.44 


An emulsifying agent 15 one that dissolves a compound in a solvent in which it is not normally 

soluble. In this case the phospholipids can dissolve the oil in its nonpolar tails and bring it into 

solution in the aqueous vinegar solution. Or, the nonpolar tails dissolve in the oil, and the polar 
head brings the water-soluble compounds into solution. In any case, the phospholipids make a 

uniform medium, mayonnaise, from two insoluble layers. 


vinegar 
aqueous 
hydrophilic 


These two ingredients will not mix. The emulsifying agent (egg yolk) has phospholipids that 


oil 
organic 
hydrophobic 


have both hydrophobic and hydrophilic portions, making the mayonnaise uniform. 


3.45 


О 
1 OH 
" ö ane НСІ 
p 
Н 


ЖҮ» жаа 


five functional groups that have 
many opportunities for H-bonding 
water soluble 


ionic salt 
more water soluble 


c. Since the hydrochloride salt is ionic and therefore more water soluble, it is more readily 


transported in the bloodstream. 


3.46 Use the rules from Answer 3.17. 


nucleophilic 
| р nucleophilic 


RA ôt ôt 
a. pu ? 


т 


electrophilic electrophilic 
/ < 
"Op -O7 
nucleophilic Е 


All the C=C's are 
nucleophilic. 


nucleophilic 
9+ | st 
e. СНзОН 
electrophilic 
:0:7— nucleophilic 


f. сну $ЎС: 


electrophilic 


(All lone pairs on O and 
CI are nucleophilic.) 
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3.47 

4 © + Br NO d. + OH NO 

| nucleophilic 7 nucleophilic 

nucleophilic nucleophilic 
NSN + 

b. { )—сш + CN YES e. | p do А YES 

| nucleophilic nucleophilic © "ОРЛЕ 
electrophilic 


0 
сн Сон, + Сн» 
nucleophilic 


YES 


electrophilic 


3.48 More rigid cell membranes have phospholipids with fewer C=C’s. Each C=C introduces a bend 
in the molecule, making the phospholipids pack less tightly. Phospholipids without C=C’s can 
pack very tightly, making the membrane less fluid, and more rigid. 


The double bonds introduce kinks in the 
chain, making packing of the hydrocarbon 
chains less efficient. This makes the cell 
membrane formed from them more fluid. 


О 
(CHgsNCH,CH—O-P-O-CH, О 
о 
3.49 
атте а. 7 amide groups [regular (unbolded 
can H-bond hydroxy group arrows] РЕ 
| и b. OH groups bonded to sp? C's are 
NH | circled. OH groups bonded to sp? C's 
(но) have а square. 
О c. Despite its size, vancomycin is water 
SUUM Ó si soluble because it contains many polar 
S а groups and тапу N апа О atoms that 
Sie S S can H-bond to 20. 
(но) | чы | p (^ (oH) d. The most acidic proton 1$ labeled 
ооң оон О (СООН group). 
О М AS Pd - N т NHCH3; е. Four functional groups capable of H- 
ЕМ "| ae | H bonding are ROH, RCOOH, amides, 
HO $7 2 | HN, | and amines. 
j | 
ms OF 3 © can't bond 
proton HO gel vancomycin 
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3.50 
с^. CO "iO 
- 20) E 
CHO Ç 
H CHO uso 
A B 
The OH and CHO groups are close enough that they can The OH and the CHO are too far 
intramolecularly H-bond to each other. Since the two polar apart to intramolecularly H-bond 
functional groups are involved in intramolecular H- to each other, leaving more 
bonding, they are less available for H-bonding to H20. opportunity to H-bond with 
This makes A less Н2О soluble than B, whose two solvent. 
functional groups are both available for H-bonding to the 
H20 solvent. 
3.51 
a. melting point 
ноос H Fumaric acid has its two larger СООН groups оп opposite 
C=C ends of the molecule, and in this way it can pack better 
H COOH in a lattice than maleic acid, giving it a higher mp. 
fumaric acid 
b. solubility 
H : ae oe 
cec Maleic acid is more polar, giving it 


greater НО solubility. The bond 


/ \ 
НООС §+ §*COOH dipoles in fumaric acid cancel. 


maleic acid 


c. removal of the first proton (pK) 


H H HOOC H 
N / N / 
С=с С=с, 
HOOC COOH H COOH 
loss of 1 proton loss of 1 proton 
H H 
N / 
i-i ноос H 
\ f 
O=C C=O C=C 
\— / / \ 
О О H COO 
H » ud 
In maleic acid, intramolecular H-bonding Intramolecular H-bonding 
stabilizes the conjugate base after one H is is not possible here. 


removed, making maleic acid more acidic 
than fumaric acid. 


d. removal of the second proton (рК) 


Pee оос H 
P с=с 
O=C С=0 Y. boo: 
Quer | 
Now the dianion is held in close proximity The two negative charges are 
in maleic acid, and this destabilizes the conjugate much farther apart. This makes the 

base. Thus, removing the second H in maleic dianion from fumaric acid more 
acid is harder, making it a weaker acid than stable and thus p» is lower for 


fumaric acid for removal of the second proton. fumaric acid than maleic acid. 
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Chapter 4: Alkanes 


* General facts about alkanes (4.1—4.3) 


Alkanes are composed of tetrahedral, sp hybridized C's. 


There are two types of alkanes: acyclic alkanes having molecular formula C,,H;, +2, and 
cycloalkanes having molecular formula СНз». 

Alkanes have only nonpolar C—C and С-Н bonds and no functional group so they undergo few 
reactions. 

Alkanes are named with the suffix -ane. 


* Classifying C's and H's (4.1A) 


Carbon atoms are classified by the number of C's bonded to them; a 1° C is bonded to one other C, 


and so forth. 


C C E CHsCHy 
е е ete сс CHgCH,—C—C—CHg 
C С 
1° d | "NOR с 
1°С 2°С 3°C 4°C 25 С 39C 


Hydrogen atoms are classified by the type of carbon atom to which they are bonded; a 1° H is 
bonded to a 1? C, and so forth. 


c E iip 

H-Cjc H-C]c H-CJC H-— зон 
C CHsCH2 7C СНз 

19H 20H 39H | pens 


+ Names of alkyl groups (4.4A) 


CH;— = —i снасньсньсн,— = M 
methyl butyl 


CH3CH5— ES “SS ML ia = ТАФ 


ethyl ли 
е sec-butyl 
оњењењ— = NE (CHge&CHCH;— = p 
propyl | 
isobutyl 


(CH3)&CH — 


(СНз)зС — = -H 
isopropyl tert-butyl 


= 
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* Conformations in acyclic alkanes (4.9, 4.10) 


e Alkane conformations can be classified as staggered, eclipsed, anti, or gauche depending on the 
relative orientation of the groups on adjacent carbons. 


eclipsed staggered anti gauche 
Т i i | 
H H H H H H 
H^ н H “н н “н н Bo 
H СНз СНз 
e Dihedralangle = 0° | * Dihedralangle = 60? | * Dihedral angle of | * Dihedral angle of 2 
2 СНз’з = 180° CH;'s = 60° 


* Astaggered conformation is lower in energy than an eclipsed conformation. 
* Ananti conformation is lower in energy than a gauche conformation. 


+ Types of strain 


* Torsional strain—an increase in energy due to eclipsing interactions (4.9). 
e Steric strain—an increase in energy when atoms are forced too close to each other (4.10). 
* Angle strain—an increase in energy when tetrahedral bond angles deviate from 109.5? (4.11). 


+ Two types of isomers 


[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other 


(414). 
[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space (4.138). 
cis trans 
CH3 
f ) -CHs | ) 
CH; ‘Ону CHS сњ 


E constitutional | | : 
isomers stereoisomers 


* Conformations in cyclohexane (4.12, 4.13) 


e Cyclohexane exists as two chair conformations in rapid equilibrium at room temperature. 
e Each carbon atom on a cyclohexane ring has one axial and one equatorial hydrogen. Ring-flipping 
converts axial to equatorial H's, and vice versa. 


An axial H flips equatorial. 
| 


Hax | 
Ато- р. 
\ rae а Vs 


Hay 
An equatorial H flips axial.| 
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In substituted cyclohexanes, groups larger than hydrogen are more stable in the more roomy 


equatorial position. 


The larger CH3 group is equatorial. 


ЈЕ 


у јен 
Conformation 1 ) 


more stable 
9596 


H 
Сн» — axial 


Conformation 2 | 


5% 
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Disubstituted cyclohexanes with substituents on different atoms exist as two possible stereoisomers. 


trans isomer 


+ Oxidation-reduction reactions (4.14) 
Oxidation results in an increase in the number of C—Z bonds or a decrease in the number of 


C-H bonds. 


The cis isomer has two groups on the same side of the ring, either both up or both down. 
The trans isomer has two groups on opposite sides of the ring, one up and one down. 


cis isomer 


О 
I 


Increase in C—O bonds = oxidation 


С 
CH; `OH 
acetic acid 


CH,CH,—OH 


ethanol 


Reduction results in a decrease in the number of C-Z bonds ог an increase in the number of 


C-H bonds. 


Increase in С-Н bonds = reduction 


H H ЕМ 

с=с - H-C-C-H 

H H H H 
ethane 


ethylene 
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4.1 The general molecular formula for an acyclic alkane is С,Н,,, >. 


Number of C atoms = n 2n +2 Number of H atoms 
23 2(23)+2 = 48 
25 2(25)+2 = 52 
27 2(27) +2 = 56 
4.2 Isopentane has 4 C's in arow with a | C branch. 
H 
n H-+C—CH - 
a.|CcH,cH,-C-CH,| b. Г c. CHICH;CH(CHg; d. НУС—Сјн е. | | f. CHCH(CH9CH;CHs 
CH Sre y TOH CHa -CHH [сна] | 
3 H re-draw 3 T == | re-draw 
isopentane isopentane ae isopentane | 
$ in a row 
ү репїапе AOE 
2 | isopentane 
isopentane 


4.3 To classify a carbon atom as 1?, 2?, 3?, or 4? determine how many carbon atoms it is bonded to 
(1° С = bonded to one other C, 2? С = bonded to two other C's, 3? С = bonded to three other C's, 
4? С = bonded to four other C's). Re-draw if necessary to see each carbon clearly. 


To classify a hydrogen atom as 1°, 2°, or 3°, determine if it is bonded to a 1°, 2°, or 32 C (A 1° Н 
is bonded to a 1? C; a 2? H is bonded to a 2? C; a 3? H is bonded to a 3? C). Re-draw if 


necessary. 
1C 1° С 
а. [1] CH3CH;CH;CHs [2] (CH3)3CH [3] 
CHa 
2° C's 1? C's - СНз сен 4? C's 
СНз ~3° C All other C's are 1° C's. 
|re-raw 
1° H's 
1° H's 1° H's | 
CH; CH3 CH3 
b. [1] CHCHCH>CH; [2] c 3-C-H [3] CH,-6— C- CH; [4] 3 
| | 
| | CH; p H СНз CH3 H 
2^ H's H's | 
1* H's All 1° H's 


[4] де 0 


<— 1 о 
| All other C's are 2? C's. 
3°C 


| етан 
HH 
CH 1° H's 
Онз 
СНз 
Н 


All others are 2? H's. 
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4.4 Use the definition of 1?, 2?, 3?, or 4? carbon atoms from Answer 4.3. 


All other tetrahedral C's are 2? C's. 


4.5 Constitutional isomers differ in the way the atoms are connected to each other. To draw all the 
constitutional isomers: 


[1] Draw all of the C's in along chain. 


[2] Take off one C and use it as a substituent. (Don't add it to the end carbon: this re-makes the 
long chain.) 


[3] Take off two C's and use these as substituents, etc. 


Five constitutional isomers of molecular formula CgH,,4: 
[1] long chain [2] with one C as a substituent [3] using two C's as substituents 
CH3 СНз 
CH3CH2CH2CH2CH2CH3 


CH3 H H 
| | | | | 
CH3CH2CH2—-C-CH; CH;CH2—-C-CH2CH; СНзСН»-С-СНз СНз-С——6— СНз 
H H CH3 СНз СНз 
4.6 
Molecular formula Сана а with опе СНз substituent: 
i re re 
CHSCH;CH;CH;CHa -C— CH; CHSCH;CH;CH?- C- CH2CHs CHSCH;CHa - C- CHCH;CH; 
H H H 


4.7 Draw each alkane to satisfy the requirements. 


ee CH3 CH3 
a. b PM 


| | 
©. снзС-СНг-ССнНз 
| ПИКЕТ 
re Tc 1'H 2H 
All other C's are 2? C's. 


4.8 Draw each compound as a skeletal structure to compare the compounds. 


C2 rá 
P E | 
СНАСН;)4 СН(СН;); = CH4CH;CH(CH3)CH;CH;CHs = о а 
А B с 
СН. bonded to C3 


СНз bonded to C2 СН. bonded to СЗ 
identical to compound C 


identical to compound A 
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4.9 Use the steps from Answer 4.5 to draw the constitutional isomers. 
Five constitutional isomers of molecular formula C5H49 having one ring: 


[1] [2] [3] 
e A 
CH; 


CH3 


CH3 CH2CH3 


4.10 Follow these steps to name an alkane: 
[1] Name the parent chain by finding the longest C chain. 
[2] Number the chain so that the first substituent gets the lower number. Then name and 
number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 


4-tert-butyl 
[1] CH; [2] “он, [3] 4-tert-butyl-4-methyloctane 
CHg-C-CHg CHs-C-CHs 
a. CH3CH2CH2-C-CH2CH2CH2CH3 CH3CH2CH2-C-CH2CH2CH2CH3 
CH3 1 2 3 4 СНз 6 7 8 
8 carbons = octane 
4-methyl 


[ij^ М [2] 
b.  H{C—CH, 
H1C-CH;-CHCH; 

CH, СН 


[3] 2,4-dimethylhexane 


6 carbons = hexane 
4-methyl 2-methyl 


орви, 
[1] H [2] H 1 [3] 6-isopropyl-3-methyInonane 
СНз-С-СНз CH;CHs СНз-С-СНз CH;CHs 
с. [CH;CH;CH;- C- CH2-CH;- стона |СНасњсн; 4C — CHa -CHa - CE 
H H 9 8 7 6H 5 4 
9 carbons = nonane 3-methyl 
[1] [2] 56 7 [3] 2,4-dimethylheptane 
CH;CH;CH; 1 23 :|CH;CH;CHs 
d. [CHj—CHCH,—C+CH, CH,-CHCH;— C1 CH; 
CH, н CH, н} 
7 carbons = heptane | 4-methyl 
2-methyl 


4.11 Use the steps in Answer 4.10 to name each alkane. 


a. СНаСН>СН(СНУСНЬСНЬ 


i |е Т 
[1] re-draw [2] НЕ И [3] 3-methylpentane 
CHgCH,—CH—CH2CHg СНзСН»-СН-СН»СН; 
СНз CH3<— 3-methyl 


5 carbons = pentane 
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b. (CH3)3CCH2CH(CH2CH3)2 


[1] re-draw [2] 2 [3] 4-ethyl-2,2-dimethylhexane 

СНз 1 ХОН» 4 5 6 
СНз-С-СН,-СН-СНСН; CH5-C—CH;-CH-CH;CH; 

СНз — CH;CHs CH3 CH;CHs-— 4-ethyl 

6 carbons - hexane 2,2-dimethyl 
с. CH3(CHs)3CH(CHsCHsCH3)CH(CH3)o 
|re-draw . 
[1] [2] 4-isopropyl [3] 4-isopropyloctane 
СНз 8 7 6 5 4 CHs| 


CH3CH;CH;CH;-CH] CH-CHs CH,CH;CH;CH;- CH]. CH-CH; 


| 
CH2CH2CH;| СНЬСН»СН: 


8 carbons = octane REN 
Беле T 
d. [1] woes [2] MYX [3] 2,2,4,4-tetramethylpentane 
[е 
12345 
5 сафоп$ = репїапе 
2-methyl 
[1] [2] 1/34567 [B] 3-ethyl-2,5-dimethylheptane 


| 
e. 55 У ^ oc 
or m 
3-ethyl 5-methyl 


longest chain = 7 carbons = heptane 
Number so there are more substituents. 
Pick the upper option. 


2-methyl 


[3]5-sec-butyl-3-ethyl-2,7-dimethyldecane 
c 5-sec-butyl 


À 
J 2 
| m $4 8 910 


10 carbons = decane 7-methyl 


to Dl) [2] 1 |3 


4.12 To work backwards from а name to a structure: 


[1] Find the parent name and draw that number of C's. Use the suffix to identify the functional 


group (-ane = alkane). 
[2] Arbitrarily number the C's in the chain. Add the substituents to the appropriate C's. 
[3] Re-draw with H’s to make C's have four bonds. 


а. 3-methylhexane 
[1] 6 carbon alkane [2] [3] 


CHa-—— methyl on C3 CHa 
C—C-Cc-C-Cc-C C—C-C-C-C-C CH34CH; - CH— CH;CH;CH; 
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b. 3,3-dimethylpentane 
methyl groups on C3 
[1] | 5carbon alkane [2] | [3] 
Он: сна 
C—C-C-C-C C—C—C-C-C CHsCH2—C—CH2CHg 
c. 3,5,5-trimethyloctane 
[1] [2] [3] 
аа methyl groups on C3 and C5 
bb do Она gg 
C-C-C-C-C-C-C-C C-Cc-C-C C C-C-C СНзСН»-СН-СН»›-С— СН»СН»СН:з 
CHa3-—— СНз 
d. 3-ethyl-4-methylhexane 
(1 | А (3 
6 carbon alkane БЕ group on C3 CHCH; 
CH;CH; Снасн, - CH— CH CH;CHs 
| 
6-6e6-056-6 C-C-C-C-C-C CH; 
СНз —— methyl group on C4 
e. 3-ethyl-5-isobutyinonane 
[1] [2] isobutyl group on C5 [3] 
9 carbon alkane | сна CH; 
CH2-CH-CH; CH?-CH-CH; 
C-C-C-C-C-C-C-C-C C-C С C-C-C-C-C-C CHsCH2—CH—CH, - CH- CH;CH;CH;CHs 
CHCH CHCH, 


ethyl group on C3 


4.13 Use the steps in Answer 4.10 to name each alkane. 


1] HHHHHH [2] [3] hexane 
Н-С С С C-C-C+H : 8 
impr Н eat no substituents, skip [2] 
6 carbons = hexane 
2-methyl 
[1] H H H CH3H [2] H H Е 1 [3] 2-methylpentane 


5 carbons - pentane 


[1] H H CHH H [2] H H Снн H РА [3] 3-methylpentane 
HFC-C-c—6-C]H HLC-C-c—6-CTH 
HHH HH 


5 carbons - pentane 
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2,2-dimethyl 
[1] H H снн [2] HH БАРА, [3] 2,2-dimethylbutane 
НЕС-С-С—С-—Н H-C-C-C—C—+H 
H H CH3H 4- Н CHSH 
4 carbons - butane 
[i] H H H H 2] H H H H 1 [3] 2,3-dimethylbutane 
HFC-C—C—C4H HEC-C—C—C4H 
H CHCH H 47 н CH,CHSH 
4 carbons = butane 
2,3-dimethyl 


4.14 Follow these steps to name a cycloalkane: 
[1] Name the parent cycloalkane by counting the C's in the ring and adding cyclo-. 
[2] Numbering: 


[2a] Number around the ring beginning at a substituent and giving the second 

substituent the lower number. 
[2b] Number to assign the lower number to the substituents alphabetically. 
[2c] Name and number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 
(Remember: If a carbon chain has more C's than the ring, the chain is the parent, and 
the ring is a substituent.) 

1 


2 


CH 1,1-dimethyl 
[1] on [2] Зи [3] 1,1-dimethylcyclohexane 
a. 


| | 
4 СС 6 
5 
6 carbons in ring = Number so the 
cyclohexane substituents are at C1. 


1,2,3-trimethyl 


[1] [2] 3c Г. [3] 1,2,3-trimethylcyclopentane 
4 


CH: 
5 carbons in ring = 
cyclopentane 1 р . 
Number so the first substituent 


is at C1, second at C2. 
1 


2 | 
3 pon 
МАСЕ р e p^ ws [3] 1-butyl-4-methylcyclohexane 
C. p No 
CHy4 с“ 6 
| | 2 1-butyl 
6 carbons іп ипд=  4-methyl 
cyclohexane Number so the earlier alphabetical 


substituent is at C1, butyl before methyl. 
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[1] 


| 


6 carbons in ring = 
cyclohexane 


[1] 


PELAAN 


| 


longest chain = 
5 carbons = 
pentane 


n +“ 
f. 


6 carbons in ring = 
cyclohexane 
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6 весу! 
[2] id © [3] 1-sec-butyl-2-isopropylcyclohexane 


4c, „С 


С 
a 
2 S 2-isopropyl 


Number so the earlier alphabetical 
substituent is at C1, butyl before isopropyl. 
B. ее 
2 4 
1-cyclopropyl 


[3] 1-cyclopropylpentane 


Number so the 
cyclopropyl is at C1. 


56 1,1-dimethyl 
4 a Й | 
[2] 3 А [3] 3-butyl-1,1-dimethylcyclohexane 
| 


3-buty! Number so the two 
methyls are at C1. 


4.15 To draw the structures, use the steps in Answer 4.12. 


a. 1,2-dimethylcyclobutane 


[1] 4 carbon cycloalkane [2] CH; 1 [3] Сн» 
сс methyl SEC С-С 4 
od on C1 and C2 C-C 3 
C-C H2 сн; 
b. 1,1,2-trimethylcyclopropane eH 
[1] 3 carbon cycloalkane [2] 26 3 8CHss [3 бнз 
с-с-СНз сњ 
ГА 3 + 
C-C CH3 CH3 
с. 4-ethyl-1,2-dimethylcyclohexane 
3 
[1] 6 carbon cycloalkane [2] E [3] сн.сн, CH, 
Род | | 
С С C C [ pe 
] ethyl 5 Ао), CH; 
Sag on C4 6 
2 СНз 
d. 1-sec-butyl-3-isopropylcyclopentane СНз. -CH3 
CH = isopropyl 
[1] 5 carbon cycloalkane [2] c3 [3] 
JC. 407 `С 2 
C C \ / 
\ oJ 5C-01 
oe CH-CH, 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 


Alkanes 4-11 


e. 1,1,2,3,4-pentamethylcycloheptane 


[1] 7 carbon cycloalkane [2] 5CH,'s CH; [3] óB Gry 
| 3 
Коң Hs, 3 c4 
сє cHe Сов 
C [e СНз 
С-с СНз 4 £6 
26-с7 сн; 
СНУ 1 СНз 
СНз 


4.16 To name the cycloalkanes, use the steps from Answer 4.14. 


[1] e ... 5 carbons in ring = 
cyclopentane 


[1] pj eU [3] methylcyclobutane 
C-C, 
СН р 
4 carbons in ring = meíhyl 
cyclobutane 
[1] РБ 4 [2] с [3] 1,2-dimethylcyclopropane 
C=C. 
CH3 СНз CH3 ots 
3 carbons in ring = 1,2-dimethyl 
cyclopropane 
[1] A. [2] pa [3] ethylcyclopropane 
| CHCH; ^" CH5CHg 
3 carbons in ring = ethyl 
cyclopropane 
[1] N LH; [2] CH, [3] 1,1-dimethylcyclopropane 
| CH3 jo 
З carbons in ring = 1,1-dimethyl 


cyclopropane 


4.17 Compare the number of C's and surface area to determine relative boiling points. Rules: 
[1] Increasing number of C's = increasing boiling point. 
[2] Increasing surface area — increasing boiling point (branching decreases surface area). 


CH3(CH2)6CH3 CH3(CH2)5CH3 CH3CH2CH2CH2CH(CH3)> _ (CH3)3CCH(CHs)> 


8 C's 7C's 7C's 
linear linear one branch 
largest number of C's 
no branching | 
highest bp 


7C's 
three branches 


increasing branching 
decreasing surface area 
decreasing bp 


Increasing boiling point: (CH3)3CCH(CHs)> < CH3CH»CH»CHCH(CHs)2 < CH3(CH2)sCH3 < СНЗ(СН,);СНз 
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4.18 To draw a Newman projection, visualize the carbons as one in front and one in back of each 
other. The C-C bond is not drawn. There is only one staggered and one eclipsed conformation. 


H Her 


rotation here | | 
du У Н 60° 
MN SERE 
Vc н “< “н И 
C in front ^. Н ње behind H H 
1 2 
staggered eclipsed 
4.19 Staggered conformations are more stable than eclipsed conformations. 
"n. H CH HL 
H SS З. H 
аа SHH Hs eclipsed 
"А i energy maximum 
H „CHo I | 
rotation here 
> 
HH 5 
tu - 
ВИ з ш H H CH; 
H H H H H H CE 
staggered 
Е NUN H^ | ^H energy minimum 
H 
| | 
| | | 
оо 60° 120° 180° 2409 300° 360°=0° 
Dihedral angle 
4.20 
4.0 ue 
AS СНз 
To calculate H,CHs destabilization: 
H,H eclipsing ud 14 kJ/mol (total) – ae | 
H 4.0 kJ/mol 8.0 kJ/mol for 2 H,H eclipsing interactions 
; = 6 kJ/mol for one H,CH; eclipsing interaction 


4.0 kJ/mol of destabilization 
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4.21 To determine the energy of conformations keep two things in mind: 
[1] Staggered conformations are more stable than eclipsed conformations. 
[2] Minimize steric interactions: keep large groups away from each other. 
The highest energy conformation is the eclipsed conformation in which the two largest 
groups are eclipsed. The lowest energy conformation is the staggered conformation in 
which the two largest groups are anti. 


rotation here 


| 
CH3- C7 CH;CH; 
СНз 


staggered 


most stable 
| 60° 
H CH; 
CH СНз 


Н 
H 
6 
eclipsed 
least stable 


609 


сн, СНз 


eclipsed 


СНз 


CHa А 
Ра ~ 
Т | H 


staggered 


staggered 
most stable 


p 


CH 
CH3 з CHa 


H 
H 
4 
eclipsed 
least stable 


4.22 То determine the most and least stable conformations, use the rules from Answer 4.21. 


1,2-dichloroethane 
СІСН = CHCl 


| 


rotation here 


н н 


staggered, anti 


[60° 


„HCI 


H 
CI 


2 
eclipsed 


60° 


H 
н L uH 
H^ y “а 
а 
3 


staggered, gauche 


|“ 


Ve хе = - "у 


я 
eclipsed 


дайда. gauche 


eee 
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highest energy 
Cl groups eclipsed 
least stable 


4 


Eclipsed forms are 
~~ higher in energy. 


Staggered forms 
are lower in energy. 


Energy 


1 


most stable most stable 
Cl groups anti 


| | | | 
1809 120° 60° 0° 60° 120? 180° 
Dihedral angle between 2 Cl's 


4.23 Add the energy increase for each eclipsing interaction to determine the destabilization 


НН LH CH; HOS Hon, 
a. b. 
HCHs aoe 
1 а = 4.0 kJ/mol 3 H,CHj interactions 
2H, interactions = 
3 12.0 kJ/mol (8 x 6.0 kJ/mol) = 18 kJ/mol 
Total destabilization 


(2 x 6.0 kJ/mol) = 
Total destabilization = 


16 kJ/mol 


4.24 Two points: 
* Axial bonds point up or down, while equatorial bonds point out. 
* An up carbon has an axial up bond, and a down carbon has an axial down bond. 


equatorial 
CH3 Br 


axial up. сн | Br 
THEY Hz axial up BE 
ji СЕ Ш 
Н |<— axial down 
Pd OH Cl он 
Up carbons are dark circles. 


Down carbons are clear circles. 


equatorial 
equatorial 
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4.25 Draw the second chair conformation by flipping the ring. 
* The up carbons become down carbons, and the axial bonds become equatorial bonds. 


• Axial bonds become equatorial, but up bonds stay up; 1.е., an axial up bond becomes an 


equatorial up bond. 
• Тһе conformation with larger groups equatorial is the more stable conformation and is 


present in higher concentration at equilibrium. 


axial 


Á ва | 
{ Draw second conformation. 


Draw in the H к 
/ z7 ~Br Br - та 
А | Up carbons switch м-н еч 


and label the C to down carbons. —_ 


more stable | asupordown. Axial bond is up = вг i 
Br is equatorial. p u ени ^ Axial bond is down = 
p axial down carbon 
axial 
eq 

a 7 Draw іп the Н Cl Draw second Ponte ation А 

and label the C H Up carbons switch айар qo . 

as up or down. éq to down carbons. Axial bond is н = 

Axial bond is up = down carbon 
up carbon more stable 
CI is equatorial. 


Axial bond is up = в 

up carbon | 

Н 
| “ Draw second conformation. H 
с. {0909 Draw in the H CHCH "EE oui 
e Up carbons switch CH>CH 
and label the C 3 to down carbons. aida 

more stable as up or down. Axial bond is down = 


СНЬСН. is equatorial. down carbon 


4.26 Larger axial substituents create unfavorable diaxial interactions, whereas equatorial groups have 
more room and are favored. 


H 


H H 
| 1 H 
—€-C-H v osos, 
H H mE | 
larger substituent equatorial СНСНз H сен 
H "d ra у ЕА 
more important to be equatorial H ÈO The H's and CH; of the sp? hybridized 
C have severe 1,3-diaxial interactions 
H with the two other axial H's. 
—С=С-Н озон д 
more compact substituent sdüátora e CÀ d | 
less important to be equatorial q н cH The sp hybridized C's are linear and 
С- point down. The 1,3-diaxial 


| interactions with the two other axial 


The axial conformation containing the C=CH group is not as H's are less severe. 


unstable as the axial conformation containing the CH2CH,, so it 
is present in higher concentration at equilibrium. 
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4.27 Wedges represent “up” groups in front of the page, and dashes are “down” groups in back of the 
page. Cis groups are on the same side of the ring, and trans groups are on opposite sides of the 


ring. 
a. cis-1,2-dimethylcyclopropane b. trans-1-ethyl-2-methylcyclopentane 
e. br... it %, or 
сна СНз СН ‘CH, 2 К 
CHCH3 CH3 CH3CH> CH3 
cis = same side of the ring trans = opposite sides of the ring 
both groups on wedges or one group on a wedge, 
both on dashes 


one group on a dash 


4.28 Cis and trans isomers are stereoisomers. 


cis-1,3-diethylcyclobutane a. trans-1,3-diethylcyclobutane b. cis-1,2-diethylcyclobutane 


“Vy eo 


cis = same side of the ring trans = opposite sides of the ring constitutional isomer 
both groups on wedges or one group on a wedge, different arrangement of atoms 
both on dashes one group on a dash 


4.29 To classify a compound as a cis or trans isomer, classify each non-hydrogen group as up or 
down. Groups on the same side = cis isomer, groups on opposite sides = trans isomer. 


down bond (UP) 


onal Н (up) up) down bond up bond 
(equatorial) Pn (axial) (up) 
ДЕ " H 
a. MEE c. pov == SLE 
| 
T bond Br 
ду ык (down) (equatorial) down Ond cH 


(equatorial) 
both groups down = one group up, one down = one group up, one down = 
cis isomer trans isomer 


trans isomer 
4.30 


СНз СНз trans: СНз 
or СТ с. gH fx 
СНз “СНз 
groups on same side 


groups on opposite sides 


cis isomer trans isomer 
: (one possibility) both soul equatorial 
cis: СНз CH3 more stable 
Н = two chair conformations for the trans isomer 
b. CH3 — —— CH3 
H d. The trans isomer is more stable because 
H H it can have both methyl groups in the more roomy 
two chair conformations for the cis isomer 


equatorial position. 


Same stability since they both have 
one equatorial, one axial CH3 group. 
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4.31 
CH2CH3 -——axial CH2CH3 ир = CHCH, H 
a он» H CH4-—— down 
| | (equatorial) 
1,1-disubstituted с. 
trans-1,3-disubstituted 
СНз -——up (axial) 
` гез ———ир 
H 9 ир onon 70 = down 
(equatorial) j 


cis-1,2-disubstituted 
trans-1,4-disubstituted 


4.32 Oxidation results in an increase in the number of C-Z bonds, or a decrease in the number of С-Н 


bonds. 
Reduction results in a decrease in the number of C-Z bonds, or an increase in the number of C-H 
bonds. 
9 О О HO OH 
a. ещ C c C c 
СНз `H сну“ `OH сну СОН» сна“ сна 
Decrease in the number of С-Н bonds. ; 
Increase in the number of C—O bonds. No кеу ш) со 
Oxidation or С— onds. Neither 
Q 
С CH34CH;CH 
D-. CH “ен Nu a {о {он 
Decrease in the number of C—O bonds. Decrease in the number of СО bonds. 
Increase in the number of С-Н bonds. Increase in the number of C-H bonds. 
Reduction Reduction 


4.33 The products of a combustion reaction of a hydrocarbon are always the same: CO; and H20. 


flame 
ЗСО, + 4H,O + heat 


а. СНзСНСНз + 5 О; 


b. © + 90, iame 6 CO + 6Н>О + heat 
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4.34 Lipids contain many nonpolar C-C and С-Н bonds and few polar functional groups. 
NH2 


H 
ае 
а. CH3(CH,)7CH=CH(CH,)7COOH р. О LO 
О сно“ ^O 
oleic acid 
aspartame 
only one polar functional group many polar functional groups 
18 carbons only 14 carbons 
a lipid not a lipid 


4.35 "Like dissolves like." Beeswax is a lipid, and therefore, it will be more soluble in nonpolar 
solvents. H,O is very polar, ethanol is slightly less polar, and chloroform is least polar. Beeswax 


is most soluble in the least polar solvent. 


Increasing polarity 


ини: 


но СНАСЊОН CHCl, 


NE = 


Increasing solubility of beeswax 
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4.36 Use the rules from Answer 4.3. 


o 4? 
3 NOEL 3? | < CH CH 
o 2 3 CH 
a / < У) | yoke с “oe 
a. / \ [2] „ b. [1] cH "eH CH, [2] i | “сн, 
49 7—4 a TM CH3 Кең? 
2° All СНз$ have 1° H's. A 
T—h All CH;'s have 2° H's. кш. 
1 All CH's have 3° H's. | 
CH3 
4.37 
One possibility: 
СН 
а. CH5- C- CH; b. O с. CH3CH2CH3 d. (СНз)зСН 
CH3 
4.38 Use the rules from Answer 4.3. 
1° 
4° 
О | О 
О О —2° 
2+—. x 
о “OH 3° 
д 9 | | осна 
2° A | 
4°1° 
4.39 
a. Five constitutional isomers of molecular formula C4Hg: 
ghe 
pa CH,CH-CHCH, СНг=СНСН:Сн gy CG, 
СН; 
b. Nine constitutional isomers of molecular formula С7Н. 6: 
Й й 
CH3CH2CH2CH2CH2CH2CH3 CH3-C- CH;CH;CH;CHs CHsCH2-C - CH;CH;CHs 
CH3 СН 
Cris Cra T | Й 
CHs-C-CH;CH,CHs сн.сн,-с-сньсн. СНз-С—С-СНгСНз СНз-С—СНг-С—СНз 
CH3 СН CH3CH3 СНз СНз 


T ue 
CH,CH;-C-CH,CHs CH4-C—C- CH; 
CH;CHs CH3CH; 
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c. Twelve constitutional isomers of molecular formula СН; containing one ring: 


о о 


A A A ДА ^^ А 


4.40 Use the steps in Answers 4.10 and 4.14 to name the alkanes. 


a. CH4CH5CHCH;CHCH5CH;CHs3 
[1] CH; CH;CH; 


[2 


— 


8 carbons = octane 


CHCH; CH; 


1 2 34 56 7 8 


CH4CH,CHCH;CHCH;CH;CHs 


[3] 5-ethyl-3-methyloctane 


CH3 СЊСНа 


3-methyl — 5-ethyl 


7-methyl 


b. [CH4CH,CCH;CH;CHCHCH;CH;CH; 


1 T T 
Г) СНСНз СЊСНа 


10 carbons = аесапе 


[2112 3CH;CH; Хен» 
СН»СНЬССНЬСНЬСНСНСНЬСН»СН» 
оон, CHsCH3 


[3] 3,3,6-triethyl-7-methyldecane 


3,3,6-triethyl 


с. CH3CH2CH2C(CH3)2C(CH3)2CH2CH3 


[1] 


| re-draw 

CH3 CH3 
CH3CH2CH2—-C— C—CH2CH3 
СНз СНз 


7 carbons = heptane 


[2] CH3 CHg „3 
CH&CH;CH5—C — C ^ CH4CHs 
р CH,CH,2 1 
<7 


3,3,4,4-tetramethyl 


[3] 3,3,4,4-tetramethylheptane 


d. CH3CH2C(CH2CH3)2CH(CH3)CH(CH2CH2CH3)2 


| re-draw 
[1] 
CH3CHs2 H H 
CH34CH5; - С—С — C — CH;CH;CH3 
| CH3CH, СНз CH2CH,CH, 
8 carbons = octane 


е. (CH3CH2)8CCH(CH3)CH2CH2CHs 
[1] [2] 


re-draw 

CH,CH; H 

CHSCH?- C— C-CH;CH;CHs 
CHCH; СНз 


7 carbons - heptane 


3,3-diethyl 


4 5 
CH3CH> H/ H 


CHsCH?-C—C— C- CH;CH;CHs 
1 снасн„СНа CH;CH;CHs 


[2] [3]3,3-diethyl-4-methyl-5-propyloctane 


4-methyl  5-propyl 


3,3-diethyl 


Y 
CHCH% H * 


CH$CHa- C — C- CH;CH;CHs 
! CHsCH»CH, 8 7 


[3] 3,3-diethyl-4-methylheptane 


4-methyl 
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f. CH3CH2;CH(CH3)CH(CH3)CH(CH2CH2CH3)(CH2)3CHa 


3 4 5 
[1] | re-draw [2] H/H у, H [3] 3,4-dimethyl-5-propyInonane 
CH3CH5- C— C— C - CH;CH;CH;CHs 
AE NE 1 2 онон: CHICH;CHs 
CH3CH;-C— C— C- CH;CH?CH;CHs 
Сн» CH; CH;CH;CHs 3,4-dimethyl 5-ргору! 
9 сафоп$ = попапе 
9. (CH4CH2CH5)4C 
| re-draw 4 4,4-dipropyl 
[1] CH5CH5CHs3 [2] CH5CH5CH;5 [3] 4,4-dipropylheptane 
CHgCHsCH»—C—CHzCH2CH3 CHgCHsCH»—C—CHzCH CH 
CH;CH;CHs 1 2 3 CHCH,CH 


7 carbons = heptane 


251 
h. 
— [2] E | [3] 6-isopropyl-3-methyldecane 


| | і 
РИ 
<= 6-isopropyl 


10 carbons = decane 3-methyl 


8 6 

i ПИ PI AP 
CTI CU 

10 carbons = decane | &-ethyl [| 1 
2,6-dimethyl 

4-isopropyl 


j. 
[1] [2] 4 


4 |— 4-isopropyl 


[3] 8-ethyl-4-isopropyl-2,6-dimethyldecane 


[3] 4-isopropyloctane 


8 carbons = octane 


2,2,5-trimethyl 


n 2,2,5-trimethylheptane 
12 
1 
2 
3 
l. (> онсњсњу, = 4  3-cyclobutylpentane 
5 
3-cyclobutyl 
5 
m. 4 


1-sec-butyl 
1-sec-butyl-2-isopropylcyclopentane 


2-isopropyl 
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5 
6 4 
n. 1 : 
| 2 
t-isobutyi isopropyl 
4.41 


CH4-— 2,2-dimethyl 


1-isobutyl-3-isopropylcyclohexane 


CHg— 3,3-dimethyl 
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CH4-— 4,4-dimethyl 


СНз C -—CH2CH2CH2CH2CH3 


CH3CH2—C—CH2CH2CH2CH3 


1 /сњ 
2 


2,2-dimethylheptane 


1 CH 
3 3 


3,3-dimethylheptane 


H H H H 
CHs-C—CH; -£- CH;CH;CHs CH3—C—CH;CH2-C -CHCH 
1 of CHa 4/ СНз 1 j CH3 5 СНз 
2,4-dimethyl 2,5-dimethyl 
2,4-dimethylheptane 2,5-dimethylheptane 
H H H H 
CH. cc co ж снаснњ; C —C—CH2CH,CHs 
1 /сњ 6/ СН: 1 CH; СНУ 
2 3 и 
2,6-dimethyl 3,4-dimethyl 


2,6-dimethylheptane 


3,4-dimethylheptane 


4.42 Use the steps in Answer 4.12 to draw the structures. 


a. 3-ethyl-2-methylhexane 
[1] 6 C chain | 
C-C-C-C-C-C 


b. sec-butylcyclopentane 
[1] 5 C ring 


Q 


c. 4-isopropyl-2,4,5-trimethylheptane 


[1] 7 C chain 


C-C-C-C-C-C-C 


d. cyclobutylcycloheptane 
[1] 7 С cycloalkane 


CY 


еее 
[2] СНз СН>СНз 


methyl ethyl on C3 
on C2 
[2] 


isopropyl on C4 


сна. | -CH3 
[2] `Сн 
C-Ç-C-Ç—Ç-0C-C 
СНз СНз СНз 


[3] 


CH4CH2CH5 -4C- CH2CH2CH3 


1 i CH3 
4 


4,4-dimethylheptane 


CH,-C— C- CH;CH;CH;CH; 
1 CH3CH3 
А 
И 
2,3-dimethylheptane 
H H 
CH4CH5 —С-СН»-С-СН»СНз 
1 CH3 СЫ» 
3 5 
3,5-dimethyl 


3,5-dimethylheptane 


imi 
[3] GHg-C—— Ç-CH2CH2CH; 
СНз CH2CH3 


СНз сна 
“сӣ 
CHs- CH-CH;-C — CHCH;CHs 
CH, CH; CH3 


methyls on C2, C4, and C5 
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e. 3-ethyl-1,1-dimethylcyclohexane 


m] 6 С cycloalkane [2] 

/ "c = 2 m 
cc | Ен groups on 
| | ethyl on C3 C. Xe 
C.-C С 


2 ethyl un C 
Jy 
C 
C-C. 1 
[1] 8 C cycloalkane [2] C-C 


C-C d ^ 
с^ ^c / li С 
C C 


f. 4-butyl-1,1-diethylcyclooctane 


g. 6-isopropyl-2,3-dimethylnonane 


H] " bids | 
9 C alkane CH 
CHs 3 "OH -CH3 
C C C C 


СНз=— methyl 
h. 2,2,6,6,7-pentamethyloctane 5 methyl groups 
[1] 8 С alkane [2] сњ CH сњ сњ 
Cc ^c ^C с CH3 
i. cis-1-ethyl-3-methylcyclopentane CH2CH; —— ethyl on C1 СЊСНа 


È СНз -— methyl on СЗ Сн» 


1. trans-1-tert-butyl-4-ethylcyclohexane 


С(СНз)з 
[1] | 6 C ring [2] CY 
© CH3CH>~` 
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4.43 Draw the compounds. 


a. 2,2-dimethyl-4-ethylheptane CH, CH4CH 
| | 
> СНз С Сн» С CH2CH2CH3 
alphabetized incorrectly CH3 H 


ethyl before methyl | 
4-ethyl-2,2-dimethylheptane 
b. 5-ethyl-2-methylhexane | 


РРА 
Longest chain was not | 


chosen - heptane 
2,5-dimethylheptane 


c. 2-methyl-2-isopropylheptane А 
CH3C 1- СНз 


Longest chain was not 


> 


chosen = octane 


| 
CH3-1C— CH;CH;CH;CH;CH, | 
T 


СНз 


2,3,3-trimethyloctane 


d. 1,5-dimethylcyclohexane 


4°» 
Numbered incorrectly. ~~ 
Re-number so methyls 3 | 


are at C1 and СЗ. CH3 


1,3-dimethylcyclohexane 
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e. 1-ethyl-2,6-dimethylcycloheptane CH2CH3 


CH3 2 
Numbered incorrectly. 
Re-number so methyls СН 
are at C1 and C4. 
2-ethyl-1,4-dimethylcycloheptane 
f. 5,5,6-trimethyloctane 


Numbered incorrectly. ~~ 3 4 
Re-number so methyls | 


are at C3 and C4. 


3,4,4-trimethyloctane 
g. 3-butyl-2,2-dimethylhexane 


Longest chain not — 1 
chosen = octane | 


4-tert-butyloctane 


h. 1,3-dimethylbutane 


H 
Longest chain not [CH;- CCH; —CH 
chosen - pentane 3 Um 2 бн. 
3 3 


2-methylpentane 


4.44 
CH3 сна CH3 
а "хуу сненьснь p, CHa, A CHCH; " go 
CH3 TH H TH CH3CH,CH; [^H 
CH5CH;CHs CH5CHs CH;CHs 
| re-draw | re-draw | re-draw 


: X 


4-isopropylheptane 


3-ethyl-3-methylpentane 


~ 


4,4-diethyl-5-methyloctane 
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4.45 Use the rules from Answer 4.17. 


a. CH3CH2CH3 
3C's 
lowest boiling point 


CH3CH2CH2CH3 
4 C's 


b. (CH3)eCHCH(CH3)e 


most branching 
lowest boiling point 


4.46 a. 


P м ad 


CH3(CH5)gCHs 
no branching = higher surface area 
higher boiling point 


CH3CH2CH2CH(CH3)2 


CH3CH2CH2CH2CH3 
5 C's 
highest boiling point 


CH3(CH2)4CH3 


least branching 
highest boiling point 


^к 


(СНз)зСС(СНз)з 


branching = lower surface area 
lower boiling point 


99 


Alkanes 4—25 


more spherical, better packing = 
higher melting point 


b. There is a 159? difference in the melting points, but only a 20? difference in the boiling points 
because the symmetry in (CH3);)CC(CH3); allows it to pack more tightly in the solid, thus 
requiring more energy to melt. In contrast, once the compounds are in the liquid state, 


symmetry is no longer a factor, the compounds are isomeric alkanes, and the boiling points are 


closer together. 


4.47 
CH; H 
a H | ch, н. сн, 
ОГ 
H H H CH, 
CH; Сн» 
1 gauche СНз,СНз higher energy 
= 3.8 kJ/mol 2 gauche CH3,CH3 


of destabilization 3.8 kJ/mol x 2 = 7.6 kJ/mol 
of destabilization 


Energy difference = 
7.6 kJ/mol — 3.8 kJ/mol = 


3.8 kJ/mol 


2 gauche CH3,CH3 
3.8 kJ/mol x 2 = 
7.6 kJ/mol 
of destabilization 


Energy difference = 


18 kJ/mol – 7.6 kJ/mol = 


CH 


3 
H H 
or ae 1 


H 
СНз 


higher energy 
З eclipsed H,CH3 
6 kJ/mol x З = 18 kJ/mol 
of destabilization 


10.4 kJ/mol 
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4.48 Use the rules from Answer 4.21 to determine the most and least stable conformations 
a. S 


b. CHsCH,CH,—CH,CH2CH3 
H3CH 
H H CH CHCH; CHCH; а 
H d .CH2CH2CHs H H | 
H H H H 
Y ^H CHCH; H 
staggered eclipsed staggered eclipsed 
most stable ЕН Stable ethyl groups anti ethyl Шош eclipsed 
All staggered conformations are equal in energy. most stable least stable 
All eclipsed conformations are equal in energy. 
4.49 
о ® 
e 
a Q Le Ө b ө д. © 
; О с 
Вг CI 
"m "Де 
H H H 
H 
H CH3 
4.50 
\ Б \ / 
a. С . C—C, с Р 
HY 4 \ Br V'H Я M 
Br СНз С Вг Cl H 
CH3 Cl CHCH 
"у H а 
H Br H Br H CI 
CH3 Bf el CH2CH3 
4.51 
Het ў CHCH А 
e 60° Op po ege H н 
H H ^ -* ERE 
1]  CH4CH2-CH;CH;CH H СН2СНз 
[ ] 3 ‘| 2 2 3 СНз ICH, CH3 
1 н 3 
60? 60? 
CHCH; H H H 
o H o 
gsm H 60 60 H Н 
CHCH; H 
Сн; CH3 
H 
6 
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least stable 
4 
Eclipsed forms are 
higher in energy. 


Staggered forms 
are lower in energy. 


> 
D 
Ф 
ш 
1 1 
most stable most stable 
| 
1809 1209 60° 0? 60° 1209 180° 
Dihedral angle between two alkyl groups 
most stable 
СНзСНЬ H H H 
H н... СН»СНз H H 
60 60° 
[2] CH3CH2 7 CHCH2CH;3 H Сн» СН; CHCH 
СНз СН СНз СН. 
2 
60° 60° 
H CH n H 
H 3 Сна~ H 
бн CH, 60° H H 60° 
СНзСН; H СНз 
Цена СНз CH2CH3 
5 least stable 
6 
4 
least stable 
4 
Eclipsed forms are 
>. higher in energy. 
D 
Ф 
= 
ш Staggered forms 
are lower in energy. 
1 1 
most stable most stable 
| | 
180° 120° 60° 0° 60° 120° 180° 


Dihedral angle 
(between CH3CHz іп back and СН» in front) 


| 
| 
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4.52 Two types of strain: 
4.1 Torsional strain is due to eclipsed groups on adjacent carbon atoms. 
4.2 Steric strain is due to overlapping electron clouds of large groups (ex: gauche interactions). 


H 


H CH3 H > На HSN, H 
a. b. 
a bs © " di 
У H, CHCH 
Cha EN CH; снн, S 


two bulky ethyl groups close = 
steric strain 
eclipsed conformation = 
torsional strain 


two sites eclipsed conformation = 
three bulky methyl groups close = torsional strain 
steric strain 


4.53 The barrier to rotation is equal to the difference in energy between the highest energy eclipsed and 
lowest energy staggered conformations of the molecule. 


TS CH3 ~ СНз 
H H H HCHs H H н> Н.СНз 
н Хон H CH “сн; Нз 
H H H H 
most stable least stable most stable least stable 


Destabilization energy = Destabilization energy = 


2 H,CHs eclipsing interactions 
2(6.0 kJ/mol) = 12.0 kJ/mol 
1 H,H eclipsing interaction = 4.0 kJ/mol 


Total destabilization = 16.0 kJ/mol 


3 H,CHs eclipsing interactions 
3(6.0 kJ/mol) = 18.0 kJ/mol 


Total destabilization = 18.0 kJ/mol 


18.0 kJ/mol = rotation barrier 


16.0 kJ/mol = rotation barrier 


4.54 
Cl 
TET uH HCI RT TA _ 
‚Н eclipsing interactions = 2(4.0 kJ/mol) = 8.0 kJ/mol 
кү ЛА Since the barrier to rotation is 15 kJ/mol, 
H H the difference between this value and the 
destabilization due to H,H eclipsing is the 
most stable least stable destabilization due to Н,СІ eclipsing. 


15.0 kJ/mol — 8.0 kJ/mol = 7.0 kJ/mol 
destabilization due to Н,СІ eclipsing 
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4.55 The gauche conformation can intramolecularly hydrogen bond, making it the more stable 


conformation. 
E 
OH О ~ — hydrogen bonding 
HOCH; - СНОН H H H O- 
rotation here H H H H 
OH H 
anti gauche 
Hydrogen bonding can occur only 
in the gauche conformation, 
making it more stable. 
4.56 
axial 
. H up ax 
a. Hoy axial b. OH €. HO, d. on H eq 
[1] 7-7 down "07 1—7 eq но 7 eq oe 
| 
a H H H нон ах 
е 
i: one up, one down = OH eq ax 
trans 
axial up 
Br Br B ax ax 
a H ed b с r d. Br еавС 5 
[2] снзед CH3 up H е =. Г 
снаед Н ед 
H H CH; | 
axial H H 
both up = 
cis ах ax 
axial H Кој ах ах 
а b с. : d H OH 
OH 
[3] OH eq HO А 
но р | down HO eq HO OHeq ан H eq 
atal one up, one down = H OH 
trans ax ax 
4.57 
ax 
ax H 
H 
(ДУ Cis 
e т е 
CH, q q He eH eq 
eq СНз CH3 


ах ах 


both groups equatorial 
more stable 


Chapter 4–30 


4.58 
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Axial/equatorial substituent location 


Disubstituted cyclohexane Conformation 1 


a. 1,2-cis disubstituted Axial/equatorial 
b. 1,2-trans disubstituted Axial/axial 
c. 1,3-cis disubstituted Axial/axial 
d. 1,3-trans disubstituted Axial/equatorial 
e. 1,4-cis disubstituted Axial/equatorial 
f. 1,4-trans disubstituted Axial/axial 


Conformation 2 


Equatorial/axial 
Equatorial/equatorial 
Equatorial/equatorial 
Equatorial/axial 
Equatorial/axial 
Equatorial/equatorial 


4.59 A cis isomer has two groups on the same side of the ring. The two groups can be drawn both up 
or both down. Only one possibility is drawn. A trans isomer has one group on one side of the 
ring and one group on the other side. Either group can be drawn on either side. Only one 


possibility is drawn. 


[1] [2] 
а. | | а. 
cis trans cis trans 
b. cis isomer b. cis isomer 


ax 


ДА са ET ~ 


both groups equatorial 


с. trans isomer c. trans isomer 


S e 
í № a | q ( у= Са 


larger group equatorial 


d. и d. 


The cis isomer is more 
stable than the trans 
since one conformation has 
both groups equatorial. 


“~ 


both groups equatorial 
more stable more stable 


The trans isomer is more 
stable than the cis 
since one conformation has 
both groups equatorial. 


[3] 


b. cis isomer 


ax 
ax 
и, or 


larger group equatorial larger group equatorial 
more stable more stable 


more stable 


c. trans isomer 


ax " 
CARTY « 


both groups equatorial 
more stable 


Boe 


The trans isomer is more 
stable than the cis 
Since one conformation has 
both groups equatorial. 
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4.60 Compare the isomers by drawing them in chair conformations. Equatorial substituents are more 
stable. See the definitions in Problem 4.59. 


a. CHCH; ax 


ax СН>СНзах H 
HCH 
cis H = pers trans H е CH;CH 
CHCH; eq 250 онон, ед Н 2СНз 
H Chae 
H H CHsCH3 eq 
ax 


The trans isomer is more stable than the cis isomer because both groups equatorial 
its more stable conformation has two groups equatorial. most stable of all conformations 


trans isomer 
b. 1-ethyl-3-isopropylcyclohexane 


ax 
ax H ax 
(CHa)2CH CHCH 
cis CHaCHs trans | UH (CH; CH AR 3 
(CHCH <7 сњон, = H ~ X > з= ва ? 
eq eq H (CH,),CH н 
HH des 


i spl СЫНЫ e " The cis isomer is more stable than the trans isomer because 
ыы ps Коше: ormations its more stable conformation has two groups equatorial. 


4.61 


Only the more stable conformation is drawn. 


CH; CH3 СНз, CH3 
or 
СН СНз 


re-draw to see 
| axial and equatorial | 


СНз 
Gr жы CH-L IZ сн, 
CH3 
more stable 
substituents on C1, C3, C5 = 
all equatorial 


4.62 


OH re-draw to see 
| axial and equatorial 


н 
HO 


all equatorial 
menthol 


OH 


HO 
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4.63 
OH or Ho HO=—. or 
HO О OH О 
а. НО OH но b. HOw HO (OH 
HO О 
он 
most stable ne BH 
All groups are equatorial. 
4.64 
OH 
ОН ОН ОН OH 
a. О OH C. о 
HO OH HO Q HO OH 
OH OH 
more stable — OH HO 
More groups are equatorial. constitütionalisomer 
OHOH OH 99 ul 
HO p 
к но ©, он ооу он m on 
OH HO OH on 
galactose glucose stereoisomer 
All groups are equatorial. 
more stable 
4.65 
2 3 
a. ZA and d. апа СТ 
same molecular formula C4Hg CH;CHs “CH2CH3 
different connectivity 
constitutional isomers same molecular formula СоН2о 


different connectivity 
constitutional isomers 


b. Cr and C e. @ апа OS 


different arrangement in three dimensions molecular formula: СН: molecular formula: C6H2 
stereoisomers different molecular formulas 
not isomers 
CH3 CH3 CHCH} 
H CH CHCH 
E and "i f. Cx and Ай 2СНз 
Н СНз H B H CH4CH2 
CH3 CH3 СНзСНЬ 
1 down, 1 up = 1 down, 1 up = 1 down, 1 up = both down = 
trans trans trans cis 
same arrangement in three dimensions different arrangement in three dimensions 


identical stereoisomers 
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ax ах up 
g. СНз up СЊСНа 
еа eq H 
i 7" апа = — 
a H up " 
both up = cis both up = cis 


сга © ol 


same arrangement in three dimensions 
identical 


| re-draw | 


QHs 
СНз-СН-СН—СН»— СНз 
СН>СНз 
3-ethyl-2-methylpentane 3-ethyl-2-methylpentane 


same molecular formula 
same name 
identical molecules 


СНз CH2CH3 
CH4—CH — CH — CHCH} 


4.67 


One possibility: constitutional isomer 


| OX 
cis 
H 
H 
OH 
cis 
cis 
CI 


5 


Ba. 


HO 
с. 


CI 


UO 
ч, 


3,4-dimethylhexane 


Alkanes 4—33 


and 


bd 


2,4-dimethylhexane 


same molecular formula CgH4a 
different IUPAC names 
constitutional isomers 


H 
СНз УН 
апа 
сн; > СНз 
CH(CH3)2 
|re-draw 


same molecular formula 
different arrangement of atoms 
constitutional isomers 


stereoisomer 


| 
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4.68 
Three constitutional isomers of С7Н4д: 
1,1-dimethylcyclopentane 1,2-dimethylcyclopentane 1,3-dimethylcyclopentane 
Ог" ОТОТ o 
| ~ 
trans cis - ! се 
trans 


4.69 Use the definitions from Answer 4.32 to classify the reactions. 


О 
a. CH3CHO = 26. CH3CH;OH d. сњ=ењ ~ H-C=C-H 
сну ^H 
Decrease in the number of C-O Decrease in the number of С-Н 
bonds. Reduction bonds. Oxidation 
CH3 CHBr 
‚о —05 0" – 
Increase in the number of C—O Increase іп the number of C-Z 
bonds. Oxidation bonds. Oxidation 
C. CH=CH; НОСЊСЊОН f. CH3CHsOH СНь=СНЬ 
Two new C-O Loss of one C-O 
bonds. Oxidation bond and опе С-Н 


bond. Neither 


4.70 Use the rule from Answer 4.33. 


flame flame 
а. CH3CH2CH2;CH5CH(CH3); 7 CO; + 8 Њ0 + heat b с 4 CO; + 5H,O + heat 
102 (13/2) О 
4.71 
2 C-O bonds 1 T bond 
Н н 
[1] M [2] o 
О = == a 
а. ~ -——=2 С-Н bonds E C-H bond 
H 
benzene an arene oxide phenol 
[1]increase in C-O bonds [2] loss of 1 C-O bond, 
oxidation reaction loss of 1 C-H bond 
neither 


b. Phenol is more water soluble than benzene because it is polar (contains an O-H group) and 
can hydrogen bond with water, whereas benzene is nonpolar and cannot hydrogen bond. 
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4.72 Lipids contain many nonpolar C-C and C-H bonds and few polar functional groups. 


OH 
о НО НО 
а. но OH с. 9. но О 
mevalonic acid estradiol О OH 
HO HO Он 


many polar functional groups 


not a lipid few polar functional groups SUCKOSG 
a lipid many polar functional groups 
not a lipid 
b. 
squalene 
no polar functional groups 
a lipid 
4.73 
D D 
OH COH OH CNHCH52CH52SO4' Ма“ 
This polar part of the molecule 
interacts with water. 
HO OH HO OH 
cholic acid : 
a bile acid a bile salt 


This nonpolar part of the molecule 
can interact with lipids to create 
micelles that allow for transport 
of lipids through aqueous environments. 


4.74 The mineral oil can prevent the body's absorption of important fat-soluble vitamins. The vitamins 
dissolve in the mineral oil, and are thus not absorbed. Instead, they are expelled with the mineral 
oil. 


4.75 The amide in the four-membered ring has 90? bond angles giving it angle strain, and therefore 
making it more reactive. 
amide 


5 

5 сн 

penicillin G О AN 
О 

\ СООН 


strained amide 
more reactive 
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4.76 
CI I 
Example: [H [t Although I is a much bigger atom than Cl, the C—I bond 
is also much longer than the C-CI bond. As a result ће 
T eclipsing interaction of the H and I atoms is not very much 
HH 'HH H "HH different in magnitude from the H,Cl eclipsing interaction. 
H а! H Es 
x 4 $ 
“С—С, „С—С,, `` longer bond 
wd Vu o wd Vu - 
H H H H 
4.77 
H H 
6 E 
decalin trans-decalin cis-decalin 
abs 
H uu 
trans 1,3-diaxial interaction 
cis 
The trans isomer is more stable since | "n : 
the carbon groups at the ring junction are This bond is axial, creating 
both in the favorable equatorial position. Unfavorable 1,3-diaxial interactions. 


pentylcyclopentane — (1,1-dimethylpropyl)cyclopentane — (2-methylbutyl) о (2,2-dimethylpropyl)cyclopentane 


^ of? o о 


(1-methylbutyl)cyclopentane — (1-ethylpropyl)cyclopentane (1,2-dimethylpropyl)cyclopentane — (3-methylbutyl)cyclopentane 


о 


– 
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Chapter 5: Stereochemistry 


Isomers are different compounds with the same molecular formula (5.2, 5.11). 


[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other. 
They have: 
* different IUPAC names 
* the same or different functional groups 
* different physical and chemical properties. 


[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space. They have the 
same functional group and the same IUPAC name except for prefixes such as cis, trans, R, and S. 
* Enantiomers—stereoisomers that аге nonsuperimposable mirror images of each other (5.4). 
* Diastereomers—stereoisomers that are not mirror images of each other (5.7). 


CH3 CH2CH3 СНзСНЬ CH3 СНз CHCH CHCH CH 
\ / \ \ / \ / 
pK eK уд, „С——С,, 
H: 'H H` 'H Ў Е ЊЕ 12 
Вг Вг Вг Вг ш Br. Hf 
A B D 
| enantiomers | = enantiomers ыы 
| A and B are diastereomers of C and D. | 


+ Assigning priority (5.6) 


e Assign priorities (1, 2, 3, or 4) to the atoms directly bonded to the stereogenic center in order of 
decreasing atomic number. The atom of highest atomic number gets the highest priority (1). 

* Iftwo atoms on a stereogenic center аге the same, assign priority based on the atomic number of the 
atoms bonded to these atoms. One atom of higher atomic number determines a higher priority. 

e If two isotopes are bonded to the stereogenic center, assign priorities in order of decreasing mass 
number. 

* To assign a priority to an atom that is part of a multiple bond, consider а multiply bonded atom as an 
equivalent number of singly bonded atoms. 


п 
( 4) та (3) 
(2) 


( 4) CH;-C- CH;CH;CH;CH;CH; (2) 


CH(CH3)2 
PAG 


highest atomic number 


highest priority 


Ма 


[4)н-С-сньон (3) 


COOH 


Pc 


I is NOT bonded directly 
to the stereogenic center. 


This is the highest priority C since 


itis bonded to 2 other C's. 


This C is considered 


bonded to 3 O's. 


* = stereogenic center 
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+ Some basic principles 


e When a compound and its mirror image are superimposable, they are identical achiral 
compounds. A plane of symmetry in one conformation makes a compound achiral (5.3). 

e When a compound and its mirror image are not superimposable, they are different chiral 
compounds called enantiomers. A chiral compound has no plane of symmetry in any conformation 
(5.3). 

* Atetrahedral stereogenic center is a carbon atom bonded to four different groups (5.4, 5.5). 

• For n stereogenic centers, the maximum number of stereoisomers is 2" (5.7). 


plane of " А plane of 
symmetry [* = stereogenic center] symmetry 
СНз СНз rdi СНз СНз СНз СНз 
\ *С n A +“ A 
NS С, 2 NCH Cae Oe C] С, 
H4 VH СНзСН; Cl с`{ ү'н cr 4 VCI 
H H H Cl H H 


no stereogenic centers 1 stereogenic center 


| 


Chiral compounds generally contain stereogenic centers. 


2 stereogenic centers 2 stereogenic centers 
А 


A plane of symmetry makes these compounds achiral. 


+ Optical activity is the ability of a compound to rotate plane-polarized light (5.12). 


* An optically active solution contains a chiral compound. 

e Ап optically inactive solution contains one of the following: 
e an achiral compound with no stereogenic centers. 
* ameso compound—an achiral compound with two or more stereogenic centers. 
* aracemic mixture—an equal amount of two enantiomers. 


+ The prefixes R and S compared with d and / 


The prefixes R and 5 are labels used in nomenclature. Rules on assigning R,S are found in Section 5.6. 
* Anenantiomer has every stereogenic center opposite in configuration. If a compound with two 
stereogenic centers has the R,R configuration, its enantiomer has the 5,5 configuration. 
e А diastereomer of this same compound has either the R,S ог 5, configuration; one stereogenic 
center has the same configuration and one is opposite. 


The prefixes а (ог +) and / (or —) tell the direction a compound rotates plane-polarized light (5.12). 
e d(or +) stands for dextrorotatory, rotating polarized light clockwise. 
e /(or-—) stands for levorotatory, rotating polarized light counterclockwise. 


+ The physical properties of isomers compared (5.12) 


Type of isomer Physical properties 


Constitutional isomers 
Enantiomers 
Diastereomers 
Racemic mixture 


Different 

Identical except the direction of rotation of polarized light 
Different 

Possibly different from either enantiomer 
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+ Equations 
e Specific rotation (5.120): 


a = observed rotation (9) 
1 = length of sample tube (dm) 
с = concentration (g/mL) 


dm = decimeter 
1 dm = 10 cm 


specific 


rotation 


* Enantiomeric excess (5.12D): 


= %оїопе enantiomer — % of other enantiomer 


[a] mixture 
[a] pure enantiomer 


x 10096 
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Chapter 5: Answers to Problems 
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5.1 Cellulose consists of long chains held together by intermolecular hydrogen bonds forming sheets 
that stack in extensive three-dimensional arrays. Most of the OH groups in cellulose are in the 
interior of this three-dimensional network, unavailable for hydrogen bonding to water. Thus, even 
though cellulose has many OH groups, its three-dimensional structure prevents many of the OH 
groups from hydrogen bonding with the solvent and this makes it water insoluble. 


5.2 Constitutional isomers have atoms bonded to different atoms. 
Stereoisomers differ only in the three-dimensional arrangement of atoms. 


a. ү апа pu 


2,4-dimethylpentane 
different connectivity of atoms 


2,3-dimethylpentane 


different names 
constitutional isomers 
r-o 
b. EN and [> он 


four-membered ring three-membered ring 


different connectivity of atoms 


constitutional isomers 


"а, 


с. апа 


different connectivity of atoms 
constitutional isomers 


d. and 


trans isomer cis isomer 


Both are 1,2-dimethylcyclobutane, 
but the CHs groups are oriented differently. 
stereoisomers 


5.3 Draw the mirror image of each molecule by drawing a mirror plane and then drawing the 
molecule's reflection. A chiral molecule is one that is not superimposable on its mirror image. 
A molecule with one stereogenic center is always chiral. A molecule with zero stereogenic centers 


is not chiral (in general). 


CH3 CH3 


C. 
СН 
Cl er E 
identical _ | 


ME 


achiral molecule 


“С Т 
Вг“ <~“ ~ Вг 
ни | Cl C^ Ny 


stereogenic center 


identical _ | 


achiral molecule 


H Br Br H 
zy \: 


а. 


Cn 


C 
F^ | Тонгон; CHCH “Е 


stereogenic center 


nonsuperimposable mirror images 


nonsuperimposable mirror images 


chiral molecules 


chiral molecules 
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5.4 A plane of symmetry cuts the molecule into two identical halves. 


2 H's are behind 
one another. 


H РА 
El 
Y 


CH CH H L H3 CH ] CH 
a ¢ b = | с x à АИ 
. Ph Б x . - ` Боде 07 
СНз СНз H H H Tod | а 
| HI / а | e 
one possible | d | 
plane of symmetry | 
plane of symmetry plane of symmetry plane of symmetry 


5.5 Rotate around the middle C-C bond so that the Br atoms are eclipsed. 


rotate : 

CH; here Н. m | He 
\ „Вг ЧӘ „Вг 
ее лее“ 

Br/44 ^ d \ 

H | | CH3 CH3 СНз 
C2 C3 | 


plane of symmetry 


5.6 To locate a stereogenic center, omit: 


All C's with 2 or more H's, all sp and sp? hybridized atoms, and all heteroatoms. (In Chapter 25, 
we will learn that the N atoms of ammonium salts [RAN X ] can sometimes be stereogenic centers.) 


Then evaluate any remaining atoms: a tetrahedral stereogenic center has a carbon bonded to four 
different groups. 


H 
a. CH,CH,—C—CH;CH, d. CH3CH2CH2OH 
/© 
bonded to 2 identical 
ethyl groups CH3 
0 stereogenic centers (CHo)2CHCH;CH2— C- CH,CH; 


Ин 


This C is bonded to 
0 stereogenic centers 4 different groups. 
1 stereogenic center 


0 stereogenic centers 


Ф 


b. (CH3)3CH 


с. М Е А 
сна C—CH=CHp CH4CHa 7 C- CH;CH;CHs 
OH / Cis 
This C is bonded to This C is bonded to 
4 different groups. 4 different groups. 


1 stereogenic center 1 stereogenic center 
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5.7 Use the directions from Answer 5.6 to locate the stereogenic centers. 


H | Br 
a. СНзСН2СН» ,C СНз с. уме д. Pw 
i s | NM 


stereogenic center 


both C's bonded to 4 3 C's bonded to 4 
H different groups different groups 
2 stereogenic centers 3 stereogenic centers 


| 
b. (Снугснен; —C-COOH 
NH, 
stereogenic center 


5.8 Use the directions from Answer 5.6 to locate the stereogenic centers. 


b Ох. „МН, 
H 
S Id 


CH34O О 
dio did 4 C's bonded to 4 
М, different groups 
СНзО 4 stereogenic centers 
aliskiren 


5.9 Find the C bonded to four different groups in each molecule. At the stereogenic center, draw two 
bonds in the plane of the page, one in front (on a wedge), and one behind (on a dash). Then draw 
the mirror image (enantiomer). 


stereogenic center stereogenic center 
а. CH3CH(Cl)CH2CH3 C. CH3SCHsCH2CH(NH2)COOH 
на с н н мн HN Н 
‘2 P ке “4 
СНУ ~~CHsCH 3 CHCH; СОН» CH3SCH,CH3~ ~COOH НООС“ ^CH;CH;,SCHs 
mirror images mirror images 
nonsuperimposable nonsuperimposable 
enantiomers enantiomers 


stereogenic center 


b.  CHgCHsCH(OH)CH,OH 


н OH HO H 
МЕ ду 
pon pon 
CHCH; ^^ CH,OH HOCH; ~ ~CH,CHg 


LN 


mirror images 
nonsuperimposable 
enantiomers 
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5.10 Draw the chiral molecule with only C and H atoms. 


CH2CH; CH;CHs 
Ghi st ОН НОСНА or CHs- C- CH(CH3)2 
H H 


5.11 Use the directions from Answer 5.6 to locate the stereogenic centers. 


О О 
C bonded to de 
a) Н and 3 different C's: С. 4 C's bonded to 4 e. Y^ | T GEH 
1 stereogenic center different groups: 
4 stereogenic centers 


Cl Each labeled C NH; | 
b ~ is bonded to: ка no stereogenic centers 
"LL н,а, CHa, CHC: 9. COH 


Cl 2 stereogenic centers 


О 
а. b. 2e 
О 
О 


HO cholesterol simvastatin 


C bonded to 
H, 2 different O's and 1 C: 
1 stereogenic center 


5.12 


All stereogenic C's are circled. Each C is sp? 
hybridized and bonded to 4 different groups. 


5.13 Assign priority based on atomic number: atoms with a higher atomic number get a higher priority. 
If two atoms are the same, look at what they are bonded to and assign priority based on the atomic 
number of these atoms. 


a. -CHs, Teo c. -H, -D e. -CH5CH5CI, -CH;CH(CH3)» 
| | 
higher priority higher mass ; — 
higher priority higher priority 
H H 
b. -1, -Br d. -СНВг, -CH;CH;Br t -CH,OH,-CHO = __С-0 = бо 
| | 
higher priority higher priority 2H's,10 20%1Н  2C-O bonds 


C bonded to 2 O's has 
higher priority. 
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5.14 Rank by decreasing priority. Lower atomic number - lower priority. 


Highest priority = 1, Lowest priority = 4 


priority 
a. -COOH C = second lowest 3 
atomic number 


—H Н = lowest atomic number 4 

-NH3 N = second highest 2 
atomic number 

-OH O = highest atomic number 1 


decreasing priority: COH, -NH5, -COOH, -H 


priority 
b. -Н Н = lowest 4 
atomic number 
—СН. С bonded to 3 H's 3 
СІ СІ = highest 1 


atomic number 
—СНЬС! C bonded to2 На - 1CI 2 
decreasing priority: -Cl, -CH2Cl, -СНз, -H 


C. 


priority 
-СНСНз C bonded to 2 H's + 1 C 2 
-CH3 C bonded to 3 H's 3 
-H H = lowest 4 


atomic number 
-CH(CH3)2 C bonded to 1 H + 2 C's 1 
decreasing priority: -CH(CH3)2, -CH2CH3, –СНа, -H 


priority 
. -CH=CH, C bonded to 1 H + 2 C's 2 
-CH3 C bonded to 3 H's 3 
—С=СН C bonded to 3 C's 1 
-H Н = lowest 4 


atomic number 
decreasing priority: -C=CH, -CH=CH;, —CH3, -H 


5.15 To assign А or S to the molecule, first rank the groups. The lowest priority group must be oriented 
behind the page. If tracing a circle from (1) — (2) — (3) proceeds in the clockwise direction, the 
stereogenic center is labeled R; if the circle is counterclockwise, it is labeled 5. 


counterclockwise 
S isomer 


counterclockwise 
S isomer 


5.16 
сно 


QI t 


C. „С 
ССН" и он 
СНз 


clockwise 
В isomer 


CHBr Pe 
rotate | u 3 
> С d о в 
CHa" / “сн, р 
HO 1 
1 БНА 
lowest priority group clockwise counterclockwise 
now back В isomer S isomer 
AH Cl ан осн, 
ea QV 
counterclockwise 
S isomer 
Plavix 


5.17 The maximum number of stereoisomers = 2" where и = the number of stereogenic centers. 


a. 3 stereogenic centers 
23 = 8 stereoisomers 


b. 8 stereogenic centers 


= 256 stereoisomers 
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5.18 
а. CH3CHsCH(Cl)CH(OH)CH,CH3 b. CH3CH(Br)CH?CH(CI)CHs 
2 stereogenic centers = 4 possible stereoisomers 2 stereogenic centers = 4 possible stereoisomers 
CH3CH> CH2CH3 CH3CH> CH2CH3 
Md | H CIH b ве H ch H 
Hof МН EAS A 
A B H 
CHCH, CHCH CHCH% CHCH 
| d x & WX 3 © у 
эсс, || ~ —G,, Н Cig H H BrCl H 
Hf \ он нот УН Вг 
с р s i 
5.19 
b. CH3CH(OH)CH(CI)CH3 


а. CH3CH(OH)CH(OH)CH3 


2 stereogenic centers = 4 possible stereoisomers 2 stereogenic centers = 4 possible stereoisomers 


СНз CH3 СНз CH3 CH; CH; CH; СН: 
\ \ 4 \ / S / 
OC, СС, С—С, C—C, 

но“ ОП нй уон но/ Ун H7 Мон 
А B на B 
СНз СНз СНз СНз CH CH CH CH 
V / V / 3 3 3 gm 
"A ы TA Чен у <. 7 CUM 
H` 'H H H 
HO OH HO OH 
с с HO eg © Cl p OH 


E identical | 
Pairs of enantiomers: А and B, C and D. 


C is a meso compound. 
Pairs of diastereomers: A and C, A and D, 


A and B are enantiomers. 
Pairs of diastereomers: A and C, B and C. B and C, B and D. 


5.00 A meso compound must have at least two stereogenic centers. Usually a meso compound 
has a plane of symmetry. You may have to rotate around a C-C bond to see the plane of 


symmetry clearly. 


нен. precii Oha Ин H Pr оше H Br By H 
a. we TC, b. ee, = с. аа Е 1 - 
HO if V он ү CH; BH 
2 stereogenic centers 
2 stereogenic centers plane of symmetry 
meso compound 


2 stereogenic centers 
no plane of symmetry 


plane of symmetry 
meso compound not a meso compound 
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5.21 Use the definition in Answer 5.20 to draw the meso compounds. 


а. BrCH;CH,CH(CI)CH(CI)CH;CH5Br b. HO OH € њм NH2 
нін 
Вг Вг ~ Е 2 К 
НІН HN 4 HIH МН? 
plane of symmetry plane of symmetry plane of symmetry 


5.22 The enantiomer must have the exact opposite R,S designations. Diastereomers with two 
stereogenic centers have one center the same and one different. 
If a compound is R,S: 


Exact opposite: А and S interchanged. 


Its enantiomer 15: 5,8 


One designation remains the same, 
the other changes. 


Its diastereomers are: R,R and S,S 


5.23 The enantiomer must have the exact opposite R,S designations. For diastereomers, at least one of 
the R,S designations 1s the same, but not all of them. 


а. (2R,3S)-2,3-hexanediol and (2R,3HR)-2,3-hexanediol 
One changes; one remains the same: 
diastereomers 


b. (2R,3R)-2,3-hexanediol and (2S,3S)-2,3-hexanediol 
Both R's change to S's: 
enantiomers 
с. (2R,3S,4R)-2,3,4-hexanetriol and (2S,3R,4R)-2,3,4-hexanetriol 


Two change; one remains the same: 
diastereomers 


5.24 The enantiomer must have the exact opposite R,S designations. For diastereomers, at least one of 
the R,S designations is the same, but not all of them. 


a nna b. HO H HO H c. H OH H OH 
COR X он 5х он Ss X. он 
HO < В S HO < RXS HO x SSR 
H OH HO H нон H OH нон нон 
sorbitol A B 
One changes; three remain the same. All stereogenic centers change. 


diastereomer enantiomers 
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5.25 Meso compounds generally have a plane of symmetry. They cannot have just one stereogenic 
center. 


CI 
304 | - СТ 


! 


no plane of symmetry plane of symmetry no plane of symmetry 
not a meso compound meso compound not a meso compound 


o 


5.26 
Cl 
а < 2 stereogenic centers = 
` z—— 4 stereoisomers maximum C. 
CI 
Draw the cis and trans isomers: Draw the cis and trans isomers: 
"odd DO 
CH3 CH3 
Е Л Ta put. 
identical A ; ; 
identical 
CH3 СНз а Cl 
trans or TC) 
"сна сну | E 
B с СГ B ~ » Cl 
Pair of enantiomers: B and C. identical 
Pairs of diastereomers: A and B, A and C. 
Pair of diastereomers: A and B. 
Only 3 stereoisomers exist. 
Only 2 stereoisomers exist. 
b. а 2 stereogenic centers = 
| | 4 stereoisomers maximum 
Draw the cis and trans isomers: 
cis trans 
еза йа СНз һ i | „ОН НО, 1 | СНз 
А B С р 


Pairs of enantiomers: А and B, С and D. 
Pairs of diastereomers: A and C, A and D, 
B and C, B and D. 


All 4 stereoisomers exist. 
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5.27 Four facts: 
* Enantiomers are mirror image isomers. 
* Diastereomers are stereoisomers that are not mirror images. 
* Constitutional isomers have the same molecular formula but the atoms are bonded to different 
atoms. 
* Cis and trans isomers are always diastereomers. 


СНз Br 
а l and | У 
p ШТА p Ui, с. HO OH an OH 
d g Сњон Нос Nols 3 
HO 
same molecular formula 
same R,S designation: 1,4- isomer 1,3-isomer 
identical constitutional isomers 
b. СУ and С ме Р ( yo 
j H and OH 
у N | 
HO i 
same molecular formula, trans HO cis 
opposite configuration at one р 
stereogenic center Both 1,3 Ча 
епапїїотег< cis and trans: 


diastereomers 


5.28 
a. Mp = same as the S isomer. 
[e b. The mp of a racemic mixture is often different from the melting 
а ин point of ће enantiomers. | 
Мн; с. —8.5, same as 5 but opposite sign 
(S)-alanine d. Zero. A racemic mixture is optically inactive. 
[o] = 48.5 e. Solution of pure (S)-alanine: optically active 
mp - 297 ?C Equal mixture of (R)- and (S)-alanine: optically inactive 
75% (S)- and 25% (R)-alanine: optically active 
5.29 
mm a = observed rotation 10? = . 
[o] = 1 = length of tube (dm) [a] = === = +100 = specific rotation 
I xc с = concentration (g/mL) 1 dm x (1 g/10 mL) 


5.30 Enantiomeric excess = ee = % of one enantiomer — % of other enantiomer. 
a. 95% - 5% = 90% ee b. 85% - 15% = 70% ее 


5.31 
a. 90% ее means 90% excess of A, and 10% racemic mixture of A and B (5% each); therefore, 
95% A and 5% B. 
b. 99% ee means 99% excess of A, and 1% racemic mixture of A and В (0.5% each); therefore, 
99.5% A and 0.5% B. 
c. 60% ee means 60% excess of A, and 40% racemic mixture of A and B (20% each); therefore, 
80% A and 20% B. 
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5.32 
1 
а. ‚+10 100% = 42% ве 
[o] mixture *24 
abs x 10076 a] solution 
[о] pure enantiomer Be fel selutiont x 100% = 80% ee 
+24 
[a] solution = +19.2 

5.33 

[0] mixture | | 

а. — — — x 100% = 60% ee b. 96 one enantiomer — % other enantiomer = ee 
+3.8 80% — 20% = 60% ее 
[©] mixture = +2.3 80% dextrorotatory (+) enantiomer 


20% levorotatory (—) enantiomer 


5.34» Enantiomers have the same physical properties (mp, bp, solubility), and rotate the plane of 
polarized light to an equal but opposite extent. 
* Diastereomers have different physical properties. 
* A racemic mixture is optically inactive. 


trans isomers cis isomer 


A ; B C 
4 enantiomers | 


t | 
A and B are diastereomers of С. 
a. The bp's of A and B are the same. The bp's of A and C are different. 
b. Pure A: optically active 
Pure B: optically active 
Pure C: optically inactive 
Equal mixture of A and B: optically inactive 
Equal mixture of A and C: optically active 
c. There would be two fractions: one containing A and B (optically inactive), and one containing € 
(optically inactive). 
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5.35 Use the definitions from Answer 5.2. 


© СНз 
а. ( ) and а с. Cr and S 
RA, А H 


one up, one down both up 


same molecular formula C4HgO | 
trans cis 


different connectivity 
constitutional isomers Both compounds are 
1,2-dimethylcyclohexane. 
one cis, one trans = stereoisomers 


b. о and [ >= © Ж апа bo 


СьН.оО Cs5HgO same molecular formula C7H,,4 
different connectivity 


different molecular formulas dali : 
constitutional isomers 


not isomers 


5.36 Use the definitions from Answer 5.3. 


СНз CH3 Он ОН 
а. | | B. il bs e. 
би „С OHC он | |но сно 
OH 


сну” S/CHEOH | | носни сн, бн 


L identical _| Lj identical E пышы 


achiral achiral 


chiral 


COOH COOH 


| | 
j ен HYEN ~ 7 ` 7 
HSCH; NH; HN CH SH H` 'Br Br 'H 
cysteine Ж ki] 
chiral identical 


achiral 
5.37 
CHO СНз CH3 HO H 
Ü a. " b. | б. e 
МОН “QH “VH abbr 
A S R S 


R isomer enantiomer identical enantiomer 
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5.38 A plane of symmetry cuts the molecule into two identical halves. 


Нз 


сњењ На нон Ho н ^L 
i ag *& i pee ован ý И 
Н CH2CH3 || cus 
H.-H and OH 
are aligned. The plane of symmetry 
bisects the molecule. 
CHCH; | њон plane of symmetry 
\ 
CT ог, CH3CH2 H CI 
с` УС! Б 
H | H б аас“ е: \ 
Hid \ Б 
| Cl CH2CH3 
plane of symmetry no plane of symmetry no plane of symmetry 


5.39 Use the directions from Answer 5.6 to locate the stereogenic centers. 


а. СНУСНЫСНЫСН»СН»СНЗ j: KX 2 
All C's have 2 or more H's. О | 


0 stereogenic centers . 
bonded to 4 different groups 


b. H 1 stereogenic center 
CHsCH20 —C— CHsCHs 


У“ CH3 h. 
1 stereogenic center 


All C's have 2 or more H's, or 


C. (CH3)2CHCH(OH)CH(CH3)2 are р? hybridized. 
0 stereogenic centers 0 stereogenic centers 
NOR P 
d. (CH; CHCH; 7 C СНС —C— CHCH; e n 
сна СНз СНз i. 
3 stereogenic centers | 
Each indicated C bonded to 
а, 4 different groups = 
e. CHs- с CH;CHs 2 stereogenic centers 
BN OH 
bonded to 4 different groups | 
1 stereogenic center HO VE 
j 
f. HNN OH 
OH! OH! OH Each indicated C bonded to 4 different groups = 


Each indicated C bonded to 4 different groups = 5 stereogenic centers 


6 stereogenic centers 
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5.40 Stereogenic centers are circled. 
Eight constitutional isomers: 


Ре 
| 


FT dd mU 
dis dii o di. + 


б СУТ, (Јин H NH, 


amphetamine 


5.41 


О Ze О СНз Н н CH, О 


(QI? O == КҮЛ 


ketoprofen 
5.42 Draw a molecule to fit each description. 
a p b с 0 
T2 © ДА 


О 
alcohol ketone cyclic ether 


5.43 Assign priority based on the rules in Answer 5.13. 


а. -OH, -NH3 C. -СН(СНз)2, -СН2ОН e. -CHO, -COOH 
|| | | 
higher atomic number C bonded to O C has 3 bonds to O. 
higher priority higher priority higher priority 
b. -CDs, -CH3 d. -СН,СІ, -CH;CH;CH5Br f. -CH9NH,, -NHCHs 
! 
D higher mass than H C bonded to CI higher atomic number 
higher priority higher priority higher priority 


5.44 Assign priority based on the rules in Answer 5.13. 


a. -F > -OH > -МН > -CH3 d. –СООН > -CHO > -CH5OH > -H 
b. -(СН,)зСНз > -CH2CH2CH3 > -CH2CH3 > -CH3 e. —Cl > -SH > -OH > -CH3 


C. -NH2 > -СНМНСНз > -CH2NH2 > -CH3 f. —СЕСН > —СН=СНЬ > —CH(CH3)2 > —CH3CHs3 
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5.45 Use the rules in Answer 5.15 to assign R or S to each stereogenic center. 


counterclockwise 


counterclockwise It looks like an S isomer, but we 


5 isomer must reverse the answer, S to В. 
R isomer 
2 
ji n 
switch H and Br 
b. d. ^ Bay А | aay C. 1 
ги “үн Н 7 “ву 
3 


clockwise, but H in front counterclockwise 


Sisomer К looks like an S isomer, but we 
must reverse the answer, Sto R. 
R isomer 
CH CH(CH3) 
у И , een мн, a 
IN м С 
нл /\СНз сн K 9- HH h Ck 5 
HO SH HO | / CH3 | с! 
SR В, В 5 
5.46 
а. (3R)-3-methylhexane с. (38R,5S,6R)-5-ethyl-3,6-dimethylnonane 


СН; H 


снн 


СН» H Н СЊСНа 


а plang а. (35,65)-6-isopropyl-3-methyldecane 


Ен СН,СНз н CH(CH3)2 
Kaw 5 2 
Б 3 S 
онон: ГУ 58 HCH, 
5.47 
6R 4R 6R , 5S 3R 


(3S)-3-methylhexane (A4 R,6R)-4-ethyl-6-methyldecane (SR,5S,6R)-5-isobutyl-3,6-dimethylnonane 
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5.48 Two enantiomers of the amino acid leucine. 


qoem RS 
иен Hy 
(CHg)>CHCH, Ho HN CH4CH(CH3); 
S isomer В isomer 


naturally occurring 


5.49 
S 
S CH3 CH3CH202C 
| ДА 
М Wen 
COH 


COOH 
a. Б р. NH CI с. 
H NH А і 
HO 2 92 ketamine О 
он L-dopa 5 enalaprl S S 


S.50 


methylphenidate 


5.51 
d OH 
e. 
enantiomer of ephedrine 


а. 18,25 C! ми | 1 
МНСНз cer 
5 5: 


C2 


ephedrine 


C1 
6.15,25 iS) 
— NHCH; 


Pm 


pseudoephedrine 


R_NHCH 
° -— — —diastereomer of ephedrine 


c. Ephedrine and pseudoephedrine 
are diastereomers (one stereogenic 
center is the same; one is different). 


5.52 
C=C-H 


amoxicillin norethindrone 
heroin 


5.53 
а. CH3CH(OH)CH(OH)CH;CHs 
2 stereogenic centers 
22 = 4 possible stereoisomers 
5.54 


а. CH3CH(OH)CH(OH)CH;CHs 


CH3 СЊСНа 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 


b. CH3CH2CH2CH(CH3)2 


0 stereogenic centers 
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H 

о О 

с = Oon 
НО OH 


4 stereogenic centers 
24 = 16 possible stereoisomers 


СНзСН» СНз СНз CH,CH CH4CH; СНз 
\ / \ / \ X 
< FOX =, FX 
H 'H H` 'H » g | % 
HO OH HO OH ux" v Hof Tus 
A B С D 
Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 
b. CH3CH(OH)CH;CH;CH(OH)CHs 
ОН OH OH OH 
A B С "mc 
identical 
Pair of enantiomers: A and B. meso compound 
Pairs of diastereomers: A and C, B and C. 
c. CH4CH(CI)CHSCH(Br)CHs 
P Papa Cl Br Br Cl 
A B [e D 
Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 
d. CH3CH(Br)CH(Br)CH(Br)CH3 
Br Br r Br Br Br 
A B C D 


identical 


meso compound 


Pair of enantiomers: B and C. 


Pairs of diastereomers: А and B, A and C, A and D, B and D, C and D. 


identical 


meso compound 
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5.55 
HOCH; СНз СНз CHOH СНз СНОН СНз СНОН 
\ / \ / \ 74 \ / 
a PENES р“. eK or 0$ 
H` 'H H` 'H HO" “H H` "OH 
HO OH HO OH H OH HO H 
enantiomer diastereomer diastereomer 
HI IH HI IH IH IH 
enantiomer diastereomer 
Мн; НМ НУМ, HoN 
C: or 
OH HO HO но“ 
enantiomer diastereomer diastereomer 
d CH; СНз СНз.,, СНз 
` or 
“CHCH; — CH3CHz" CH3CHz" СНзСН; 
enantiomer diastereomer diastereomer 
5.56 
CH3 CH3 CH3 CH; 
19; оме 
Сн» Сн» бн» ён, 
А 
| identical | В с 
meso compound 
Pair of enantiomers: B and C. 
Pairs of diastereomers: A and B, A and C. 
b Jos ino! СНз CHs,, 
СН; CH3 MO d UN 
A B 
| identical = | \ identical | 
Pair of diastereomers: A and B. 
Meso compounds: A and B. 
C. CI CI Cl Cl, 
5 "Br Вг” ар gm eir 
A B С D 
Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 
5.57 


achiral achiral chiral chiral achiral achiral 
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5.58 Explain each statement. 
a. ~~~ А! molecules have a mirror image, but only chiral molecules have enantiomers. A is not chiral, and 


therefore, does not have an enantiomer. 


OH 


b. P Ч B has one stereogenic center, and therefore, has an enantiomer. Only compounds with two or 
more stereogenic centers have diastereomers. 


B | C is chiral and has two stereogenic centers, and therefore, has both an enantiomer and a 
' | diastereomer. 
CI | 
OH HO | OH 
| : rotate „ү? | А 
d | D has two stereogenic centers, but is а meso compound. 
` | | — Therefore, it has a diastereomer, but no enantiomer since 
OH | it is achiral. 


plane of symmetry 


e. E has two stereogenic centers, but is a meso compound. Therefore, it has a diastereomer, 
N but no enantiomer since it is achiral. 


plane of symmetry 


5.59 
OHC ic 
V | ОҢ OHC CHOH HOCH, CHO OHC H OHC H 
„С—С^ Я j^ 2 b \ / "E d А ds ОН 
нўя R NM AU LN а б 
СНОН "48 но/а вон HOS SN H/R SN 
2 Ho 8 пун HA PRY 4 СНОН 17 СНОН 
D-erythrose 28,3R 2R,3R 25,35 28,35 
28,38 diastereomer identical enantiomer diastereomer 


5.60 Re-draw each Newman projection and determine the R,S configuration. Then determine how the 
molecules are related. 


CHO CHO CHO CHO 
H E Ay H OH H CHOH 
H OH H OH HO H HO H 
OH CHOH СНОН OH 
A | re-draw B | re-draw e| re-draw D| re-draw 
Y M 
OHC Бе 6 OHC OH он oye ан 
= Н, H Ја Н > D» 2 
HÀ Hy HO'4 HO''¢ 
HO Он HO сњон H | CH,OH H Он 
R,R R,R S,S SR 
a. A and B are identical. c. Aand D are diastereomers. 


b. Aand C are enantiomers. d. C and D are diastereomers. 
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5.61 
s У 
rans NH, = NH 


cis trans - trans МН, 
А B С D E 
МН» group is in a 
trans, R) and B (cis, R) are diastereomers. different location. 


A( 

A (trans, А) and C (trans, А) are identical molecules. 
A (trans, R) and D (trans, S) are enantiomers. 

A (trans, R) and E are constitutional isomers. 


5.62 
d СНз Уз CH3 Hor 
a. an л \ 5 
ОО Nun d 
M ta H` 
enantiomers Hi НЕ" 1/ СНз 
25,35 . ‚ 25,35 
identical 
" ORO | у 
я h. and 
same molecular formula HO SB HO " 
different connectivity H H 
constitutional isomers 1,4-trans 1,4-cis 
diastereomers 
CHa CHO OHC СНз 
c с—с and о i. and 
н \ он нч | IN H 
26,35 21,38 different molecular formulas 
one different configuration notisomers 
diastereomers H CH3 
СНОН 24 ^H 
d. SS BrCH Noy? BrCH; 
and enantiomers 
different molecular formulas k 
not isomers i and H CH; 
Cl „О! CH, H 
e. JZ 
and T 
| 1,3-cis 1,3-trans 
mirror images diastereomers 
not superimposable 
enantiomers Br on end 
HO СНз CH СНОН 
а а |. J and ај | 
f н“ ie 
Суви ыс CH;Br Br H 
H : [Br in middle 


enantiomers different connectivity 


constitutional isomers 
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5.63 
a. A and B are constitutional isomers. 
A and C are constitutional isomers. 
B and C are diastereomers (cis and trans). 
C and D are enantiomers. 
plane of symmetry 
a “ү zd My 
| 
A B С D 
Alas DG achiral chiral chiral 
planes of symmetry. 
achiral : : 
mirror images and not 
superimposable 
enantiomers 
c. Alone, C and D would be optically active. 
d. A and B have a plane of symmetry. 
e. A and B have different boiling points. 
B and С have different boiling points. 
C and D have the same boiling point. 
f. Bisa meso compound. 
g. An equal mixture of C and D is optically inactive because it is a racemic mixture. 
An equal mixture of B and C would be optically active. 
5.64 
27 
[o] mixture 
ее = х 100% 
[a] pure enantiomer 
quinine =A 
Ms quinine's enantiomer = B 
quinine 
a. b. 30% ee = 3096 excess one compound (A) 
-50 remaining 70% = mixture of 2 compounds (35% each A and B) 
165 x 100% = 30% ee Amount of А = 30 + 35 = 65% 
E Amount of B = 35% 
50% ee = 5096 excess one compound (A) 
-83 o; = ENS remaining 50% = mixture of 2 compounds (25% each A and B) 
x 100% = 50% ee 
-165 Amount of A = 50 + 25 = 75% 


Amount of B = 25% 


73% ee = 73% excess of one compound (A) 
-120 x 100% = 73% ee remaining 27% = mixture of 2 compounds (13.5% each A and B) 


-165 Amount of A = 73 + 13.5 = 86.5% 
Amount of B = 13.5% 
с. [ ]2 4165 е. 60% = ШВ _ „100% 
d. 80% - 20% = 60% ее —165 


[ ] mixture = -99 
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5.65 
OH 
HO OH 
НСІ, H2O соон = Only one of the 
products formed 
HO 
"ns mandelic acid 
(laetrile) 
a. The 11 stereogenic centers are circled. Maximum number of stereoisomers = 211 = 2048 
b. Enantiomers of mandelic acid: 
H OH Е 
С = a? 
с. 60% - 40% = i. ee 
20% = [ ] mixture/-154 x 100% 
[ ] mixture = -31 
d. ee - ay х 100% = 32% ее 32% excess of the 5 enantiomer 
| +154 68% of racemic R and S = 34% S and 34% Я 
[a] for (S)-mandelic acid = +154 S enantiomer: 32% + 34% = 66% 
R enantiomer = 34% 
5.66 
sp? a. Each stereogenic center is circled. 
| b. The stereogenic centers in mefloquine are 
CF3 
labeled. 


c. Artemisinin has 7 stereogenic centers. 
2" = 2’ = 128 possible stereoisomers 

d. One № atom in mefloquine is sp? and one is sp”. 

e. Two molecules of artemisinin cannot 
intermolecularly H-bond because there are no 
O-H or М-Н bonds. 
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5.67 
a. Each stereogenic center is circled. c. diastereomer 
~ О Ux О Д) 
12 P = 
N X N's N N - NON Y 
= О N e ^ 
saquinavir NH 
Trade name: Invirase (CHs)3C (CH3)4C 
b. enantiomer d. constitutional isomer 
EN о Д) ON о ,NH -—— new amine 
27 
N NON N^ NON 
О DONH он . О К OH a 
2 — H H O— H 
NH NH 
(СНа)зС new aldehyde (CH3)4C 
5.68 
a. "e OH 
О OH 
re-draw О 
эш маха | 
HO o 
OH OH 
more stable ring 
all groups equatorial 
OH OH 
re-draw HO О All other groups on the ring are equatorial. 
H 
о НО 
fe 
axial 
c. enantiomer HO 
„н, Ov О ; > 
но“ * Ў re-draw НО о о In the enantiomer, all groups are still 
на НОУ 7оң equatorial, but all down bonds are up bonds 
HO ~ OH HO and all up bonds are down bonds. 
ÓH 


OH 
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5.69 Allenes contain an sp hybridized carbon atom doubly bonded to two other carbons. This makes the 
double bonds of an allene perpendicular to each other. When each end of the allene has two like 
substituents, the allene contains two planes of symmetry and it is achiral. When each end of the 
allene has two different groups, the allene has no plane of symmetry and it becomes chiral. 


H СНз 
ВЕ HC=C-C=C+CH=C=CH+CH=CH-CH=CHCH;CO;H 
“ \ 
H B H allene mycomycin 
no plane of symmetry re-draw 
A chiral 
HCzC-CzC, CH= CH- CH- CHCH;CO;H 
These two substituents are at 90? to these two substituents. Ро 
Allene A contains two planes of symmetry, H H 


making it achiral. The substituents on each end of the allene in mycomycin 
are different. Therefore, mycomycin is chiral. 


5.70 


OH discodermolide 
a. The 13 tetrahedral stereogenic centers are circled. 
b. Because there is restricted rotation around a C-C double bond, groups on the end of the 


double bond cannot interconvert. Whenever the substituents on each end of the double bond 


are different from each other, the double bond is a stereogenic site. Thus, the following two 
double bonds are isomers: 


These compounds are isomers. 
There are three stereogenic double bonds in discodermolide, labeled with arrows. 


c. The maximum number of stereoisomers for discodermolide must include the 13 tetrahedral 


stereogenic centers and the three double bonds. Maximum number of stereoisomers = 2! = 
65,536. 
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5.71 
racemic mixture of | salts formed by proton transfer 
2-phenylpropanoic acid | 
= + 
| соон“ у COO H Nhs 


| E 
" H ш NH2 Сл, pan 
KC 


- H 
Ph qve S PL 
S (R)-sec-butylamine $ | 


enantiomers diastereomers 
D CO  " HNH 


М | = 
ac Н NH; me p 
Ни 


z H 
A. Ло we OF 
R 


These salts are diastereomers, and they are now 


separable by physical methods since they have 
different physical properties. 
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Chapter 6: Understanding Organic Reactions 


* Writing organic reactions (6.1) 


139 


e Use curved arrows to show the movement of electrons. Full-headed arrows are used for electron 
pairs and half-headed arrows are used for single electrons. 


| 
ни 


half-headed arrows 


* Reagents can be drawn either on the left side of an equation or over an arrow. Catalysts are drawn 


| | 
—С. + .7 —C 
| № | 


full-headed arrow 


over or under an arrow. 


+ Types of reactions (6.2) 


[1] Substitution 


—c{z] + У о) + Z 2 = Н ога heteroatom 


Y replaces 2 


С | Uu 


[2] Elimination 


| | 
—C—C— + reagent па ш + X-Y 


(X Y^ B 


Two o bonds are broken. zx bond 
[3] Addition M eeu | | 
/ Fes + ХУ - С С 
| (хт 
This x bond is broken. Two o bonds are formed. 
+ Important trends 
Values compared Trend 


Bond dissociation 
energy and bond 
strength 


The higher the bond dissociation energy, the stronger the bond 
(6.4). 


Increasing size of the halogen 
CH3—F CH3—Cl CH3—Br CH3—I 


AH? = 456 kJ/mol 351 kJ/mol 293 kJ/mol 234 kJ/mol 


EE 
Increasing bond strength 
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E, and reaction rate 


MS 


Energy 


The /arger the energy of activation, the slower the reaction (6.9A). 


larger E, — slower reaction 


---- slower reaction 
faster reaction 


Reaction coordinate 


Е, and rate constant 


(6.9B). 


Equilibrium always favors the species /ower in energy. | 


G? products 


Free energy 


G? reactants 


Keg < 1 


AG >0 


more stable reactants 


Equilibrium favors the starting materials. | 


$ Reactive intermediates (6.3) 


* Heterolysis generates ions. 


Reactive 
intermediate 


radical 
carbocation 


carbanion 


General structure 


G? reactants 
AG? «0 


The higher the energy of activation, the smaller the rate constant 


Keg > 1 


Free energy 


Q? products 


more stable products 


Equilibrium favors the products. | 


Breaking bonds generates reactive intermediates. 
Homolysis generates radicals with unpaired electrons. 


Reactive feature 


unpaired electron 
positive charge; 
only six electrons around C 


net negative charge; 
lone electron pair on C 


Reactivity 
electrophilic 
electrophilic 


nucleophilic 
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$ Energy diagrams (6.7, 6.8) 


transition state 


Energy 


| E4 determines the rate. 


а po AHP is the difference in bonding energy 
between the reactants and products. 


products 


Reaction coordinate 


* Conditions favoring product formation (6.5, 6.6) 


Variable | Value Meaning 
Keq Ка > 1 Моге product than starting material is present at equilibrium. 
АС” AG" <0 | The energy of ће products is lower than the energy of the reactants. 
AH? AH? <0 | Bonds in the products are stronger than bonds in the reactants. 
AS? AS°>0 | The product is more disordered than the reactant. 


+ Equations (6.5, 6.6) 


AG? =-2.303AT log Кең 
| | ла = AH? - TAS? 
| | | 
Keg depends on the energy difference free energy change in change in 
between reactants and products. change bonding energy disorder 
В = 8.814 J/(Kemol), the gas constant | T = Kelvin temperature (К) | 
T = Kelvin temperature (К) 
+ Factors affecting reaction rate (6.9) 
Factor Effect 
energy of activation higher E, — slower reaction 
concentration higher concentration — faster reaction 


temperature higher temperature — faster reaction 


Chapter 6—4 


Chapter 6: Answers to Problems 


6.1 
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[1] In a substitution reaction, one group replaces another. 


[2] In an elimination reaction, elements of the starting material are lost and a л bond is formed. 
[3] In an addition reaction, elements are added to the starting material. 


-OT- OT - 


Br replaces OH = 


substitution reaction 
b. О H— q. 
3 
addition of 2 H's 


addition reaction 


6.2 Alkenes undergo addition reactions. 


HCI 


CH=CH CH,CH;CI 


addition of 1 H and 1 CI 
addition reaction 


О 
i T 


Cy 
CH; `СН,СІ 


— 


C. 
СНУ “СНз 


| CI replaces Н = 
substitution reaction 


CH4CH,CH(OH)CH, = снасн=снсн; 


elements lost z bond formed 
(H + OH) 


elimination reaction 


B 
CH»=CH> E BrCH,CH;Br 


addition of 2 Br's 
addition reaction 


6.3 Heterolysis means one atom gets both of the electrons when a bond 1$ broken. А carbocation is a 
C with a positive charge, and a carbanion is a C with a negative charge. 


heterolysis 


Electrons go to the more 
electronegative atom, O. 


CH3 


Electrons go to the more 
electronegative atom, Br. 


heterolysis heterolysis 


c. CH3CH¿*Li 


Electrons go to the more 
electronegative atom, C. 


5 
Chis Gt :OH № E Br CH.CH, Li* 
Gis carbanion 


carbocation 


carbocation 


6.4 Use full-headed arrows to show the movement of electron pairs, and half-headed arrows to show 


the movement of single electrons. 


" 
a. (CH), C NEN: — (Сн) С" + мем: 


СНз + “СНз — СНз= СНз 


CH 

DEC X ү nac? 
с. CHi C + SB —— OHs-C-Br: 

СНз CH3 


d. нбудн — 2H0: 
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6.5 Increasing number of electrons between atoms = increasing bond strength = increasing bond 
dissociation energy = decreasing bond length. 


Increasing size of an atom = increasing bond length = decreasing bond strength. 


а. H-CI or Н—Вг 


b. СЊОН ог CH- SH о. (СнстО ог CHa FOC, 
Br is larger than СІ. S is larger than O. | 
longer, longer, single bond 
weaker bond higher bond weaker bond fewer electrons 
higher bond 


higher bond 


dissociation energy dissociation energy 


dissociation energy 


6.6 To determine АН" for a reaction: 


[1] Add the bond dissociation energies for all bonds broken in the equation (+ values). 
[2] Add the bond dissociation energies for all of the bonds formed in the equation (- values). 
[3] Add the energies together to get the AH" for the reaction. 


A positive AH" means the reaction is endothermic. A negative AH" means the reaction is 
exothermic. 


a. CH3CH» - Br + НО AE CH3CH2—OH + HBr 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
АЕР (kJ/mol) АЕР (kJ/mol) sum in Step [1] 
+ 
СНСН»-Вг + 285 СНэСН›-ОН -389 sum in Step [2] 
H- OH + 498 H-Br - 368 
- 783 kJ/mol 
Total + 783 kJ/mol Total - 757 kJ/mol 
- 757 kJ/mol 
ANSWER: + 26 kJ/mol 
endothermic 
b. СН. * Clo = СН»С1 + HCl 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
АЕР (kJ/mol) АН® (kJ/mol) sum in Step [1] 
T 
CH3-H + 435 CHs- CI – 351 sum in Step [2] 
CI- CI + 242 H-CI - 431 
Total 677 kJ/mol Total 782 kJ/mol PE 
ota + то ota - mo _ 782 kJ/mol 


ANSWER: - 105 kJ/mol 
exothermic 


144 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 6-6 


6.7 Use the directions from Answer 6.6. In determining the number of bonds broken or formed, you 
must take into account the coefficients needed to balance an equation. 


а. CH, + 20, CO, + 2Н2О 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) АЕР (kJ/mol) sum in Step [1] 
+ 
СНз-Н +435x4= +1740 OC-O -535х2 = – 1070 sum in Step [2] 
O-O +497х2= +994 НО-Н - 498 х4 = - 1992 
+ 2734 kJ/mol 
Total + 2734 kJ/mol Total = 2К | 
ota ota 3062 kJ/mo _ 3062 kJ/mol 
ANSWER: - 328 kJ/mol 
b. 2 CH3CH3 + 7 О; 4 СО; + 6 H2O 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
АЕР (kJ/mol) AFP (kJ/mol) sum in Step [1] 
+ 
СНСН›-Н +410х 12 = + 4920 OC-O -535x 8 = – 4280 sum in Step [2] 
О-О +497х7 = + 3479 HO-H - 498 х 12 = – 5976 
— = + 9135 kJ/mol 
сЕ Total – 10256 kJ/mol Шы 
Total + 9135 kJ/mol т ? 


ANSWER: - 1121 kJ/mol 


6.8 Use the following relationships to answer the questions: 
Keq = 1 then AG? = 0; Keq > 1 then AG? < 0; Keq < 1 then AG? > 0 


а. A negative value of AG? means the equilibrium favors the product and Keq is > 1. Therefore 
Keg = 1000 is the answer. 

b. A lower value of AG? means a larger value of Keq, and the products аге more favored. Keg = 107 
is larger than Keq = 107, so AG? is lower. 


6.9 Use the relationships from Answer 6.8. 


а. Ка = 5.5. Ка > 1 means that the equilibrium favors the product. 
b. AG? = 40 kJ/mol. A positive AG? means the equilibrium favors the starting material. 
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6.10 When the product is lower in energy than the starting material, the equilibrium favors the product. 
When the starting material is lower in energy than the product, the equilibrium favors the starting 
material. 


a. AG? is positive so the equilibrium favors the starting material. Therefore the starting material is 
lower in energy than the product. 

b. Keq is > 1 so the equilibrium favors the product. Therefore the product is lower in energy than 
the starting material. 

c. AG? is negative so the equilibrium favors the product. Therefore the product is lower in energy 
than the starting material. 

d. Кеа is < 1 so the equilibrium favors the starting material. Therefore the starting material is lower 
in energy than the product. 


6.11 
H 


bas == ооң, Nace 


OCH3 


а. The K,, is > 1 and therefore the product (the conformation on the right) is favored at 
equilibrium. 

b. The AG? for this process must be negative since the product is favored. 

с. AG°is somewhere between 0 and –6 kJ/mol. 


6.12 A positive ДА? favors the starting material. A negative ЛА? favors the product. 
a. AH? 1$ positive (80 kJ/mol). The starting material is favored. 
b. AFP is negative (—40 kJ/mol). The product is favored. 


6.13 
a. False. The reaction is endothermic. 
b. True. This assumes that AG? is approximately equal to ДА“. 
c. False. Keq < 1 
d. True. 
e. False. The starting material is favored at equilibrium. 


6.14 
a. True. 
b. False. AG? for the reaction is negative. 
c. True. 
d. False. The bonds in the product are stronger than the bonds in the starting material. 
e. True. 
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6.15 


Energy 


transition 


product 


starting 
material 


Reaction coordinate 


6.16 A transition state is drawn with dashed lines to indicate the partially broken and partially formed 
bonds. Any atom that gains or loses a charge contains a partial charge in the transition state. 


a 


6.17 


Energy 


| 
· CHa- C- OH 


СНз CHs 
CH,-C + + HO 
сна CH3 
E. . aso 0+ t 
transition state: снз?С- --OH, 
CH3 


transition 
state 2:E 


transition ү 
state 1: D 


6.18 


Energy 


Reaction coordinate 


reactive 
intermediate 


transition 
state 1 


transition 
state 2 


AH overall 


Reaction coordinate 


b. СЊО-Н + он 


ô- ò 1} 
transition state: [c9 n | 


a. Reaction A-C is exothermic. Reaction 
А-В 1$ endothermic. 

b. Reaction А-С is faster. 

c. Reaction A-C generates a lower-energy 
product. 

. See labels. 

See labels. 

f. See labels. 


о а. 


. Two steps since there are two energy barriers. 


a 

b. See labels. 

c. See labels. 

d. One reactive intermediate is formed (see label). 

e. The first step is rate determining since its transition 
state is at higher energy. 

f. The overall reaction is endothermic since the energy 
of the products is higher than the energy of the 


reactants. 
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6.19 


relative energies: C < A < B 
B — Cis rate-determining. 


Energy 


Reaction coordinate 


6.20 Ea, concentration, and temperature affect reaction rate. A/7?, ДО“, and Keq do not affect 
reaction rate. 


а. Е, = 4 kJ/mol corresponds to a faster reaction rate. 
b. A temperature of 25 °С will have a faster reaction rate since a higher temperature corresponds to 


a faster reaction. 
c. No change: Кеа does not affect reaction rate. 
d. No change: ЛА? does not affect reaction rate. 


6.21 The E, of an endothermic reaction is at least as large as its AH? because the Е, essentially 
"includes" the АН? in its total. The Е, measures the difference between the energy of the starting 
material and the energy of the transition state, and in an endothermic reaction, the energy of the 


products is somewhere in between these two values. 


> 

o 

Ф 

с 

ШИГ еу ИЕ ee коњ 

[ane = (+) value for an endothermic reaction 
Reaction coordinate 
6.22 

a. False. The reaction occurs at the same rate as a reaction with Keq = 8 and E, = 80 kJ/mol. 
b. False. The reaction is slower than a reaction with Keq = 0.8 and E, = 40 kJ/mol. 
c. True. 
d. True. 
е. 


False. The reaction is endothermic. 
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6.23 АП reactants in the rate equation determine the rate of the reaction. 


[1] rate = K[CH3CHoBr][ OH] [2] rate = А(СНз)зСОН] 

a. Tripling the concentration of CH;CH2Br a. Doubling the concentration of (СНз)зСОН — 
only — The rate is tripled. The rate is doubled. 

b. Tripling the concentration of OH only — b. Increasing the concentration of (CH3)3;COH by 
The rate is tripled. a factor of 10 — The rate increases by a 

c. Tripling the concentration of both factor of 10. 


CH3CH»2CH2Br and "ОН — The rate 
increases by a factor of 9 (3 x 3— 9). 


6.24 The rate equation is determined by the rate-determining step. 


= Е one step 
а. СБаРНЫ Вг + Он CHa=CH, + ЊО + Br vate = АСНУСН.ВИГОН] 
_ two steps 
b. (CH3)3C—Br (CHgsC* ОН. (снус=енњ, + HO The slow step determines the rate equation. 
slow + ве fast rate = К(СНз)зСВг] 


6.25 A catalyst is not used up or changed in the reaction. It only speeds up the reaction rate. 


OH and H are added to H2 adds to the starting material. 


the starting material. Г not used up = catalyst. о 
Н2О - H2 АН 
а. CH=CH; 2 сњењон b. Сну I CH,OH c JA 
H2SO4 -OH Pt 
H5SO, is not used up = catalyst. -OH substitutes for СГ. Pt not used up - catalyst. 
6.26 Use the directions from Answer 6.1. 
5 Он O 
ч о ой 
а. = с. PN P 
elements lost л bond formed addition of 2 H's 
(H + OH) addition reaction 
elimination reaction 
О О 
і | С С 
“СЛ "UEM CE on 
Cl replaces H = H replaces Cl = 


substitution reaction substitution reaction 
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6.27 
й 
a. homolysis ої CH57 CH b. heterolysis of CH5-O-H c. heterolysis of СНз МоВг 
wl | 
| ..— ~ 
CHs-C. + -H сыз-0 + н “CH, + "MgBr 
‘ carbanion 


radical 


6.28 Use the rules in Answer 6.4 to draw the arrows. 


" " oo а | 
а. C Xs. — y ( + + Br а КИ + :ВгВг: —— P + :Вг- 


105) :0: 
р. 6 uu сну cH, + СЕ е. СНС Вг + тон = 35 CH4CH;OH + ‘Br 
le We E n CH3 + i: Bm. Н . 
с. ‘CH + Е f. С—С-н + ЗОН ——-— С=С + О: 
CH H | CH3 H 
6.29 
fa "P m tL H H 
a. I: + 3 —— ИГ 7 H-C-Cc- - 5: + Be 
C Gi gH (у E E H-C— C.H C=C + HO: + :Вг 
H :Br: H H 
95 ji are 6 
b. CH3-C— CH?CH?CHs pe | т `н Gl: 
с Hi S d. — + НС: 
:OCHCHg Снз CH,CH2CHg H 
+ “OCH2CHg 


6.30 Draw the curved arrows to identify the product X. 
gU сҮ _ Br 
Ср + H-Br: ШЕ. ЕЕ [2] CX 
V T ÓH 
A B X 


6.31 Follow the curved arrows to identify the intermediate Y. 


СОН [2] 


.. y 
ves 
` 
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6.32 Use the rules from Answer 6.5. 


a. I—CClg Br—CClg 


largest halogen intermediate 
weakest bond bond strength 


smallest halogen 
strongest bond 


CI—CCls b. H;N-NH; 


single bond 
weakest bond 


6.33 Use the directions from Answer 6.6. 


a. CH34CH5—H t Bro 


[1] Bonds broken 


— » CH,CH,—Br 


+ HBr 


[2] Bonds formed 


AHP (kJ/mol) AH? (kJ/mol) 
СНзСН»-Н + 410 СНСН;—Вг – 285 
Br-Br + 192 H-Br - 368 
Total + 602 kJ/mol Total - 653 kJ/mol 
р. -OH + CH, СНз + H;O 


[1] Bonds broken 


[2] Bonds formed 


AFP (KJ/mol) АЕР (kJ/mol) 
CH3—H + 435 kJ/mol H—OH - 498 kJ/mol 
с. CH3;-OH + HBr ——- CH;-Br + ЊО 
[1] Bonds broken [2] Bonds formed 
АЕР (kJ/mol) АЕР (kJ/mol) 
CH3-OH + 389 СНз-Вг - 293 
H-Br + 368 H- OH - 498 
Total +757 kJ/mol Total - 791 kJ/mol 
а. ‘Br + СН. ==) Н + CH3Br 


[1] Bonds broken 


AHP (kJ/mol) 


CH3—H + 435 kJ/mol 


[2] Bonds formed 


AHP (kJ/mol) 


CH3—Br -293 kJ/mol 


HN=NH N=N 


double bond 
intermediate 
bond strength 


triple bond 
strongest bond 


[3] Overall AH? = 


4 602 kJ/mol 
- 653 kJ/mol 


ANSWER: - 51 kJ/mol 


[3] Overall AH? = 
+435 kJ/mol 
– 498 kJ/mol 


ANSWER: -63 kJ/mol 


[3] Overall AH? = 


+ 757 kJ/mol 
- 791 kJ/mol 


ANSWER: - 34 kJ/mol 


[3] Overall AH? = 
+ 435 kJ/mol 
- 293 kJ/mol 


ANSWER: - 142 kJ/mol 
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6.34 
propane propene 
CH3—CH2CH3 "СНз + -СН>СНз CH3—CH=CH» -'CH34 + + СН=СНЬ 
АН = 356 kJ/mol AHP = 385 kJ/mol 
This bond is formed from two sp? This bond is formed from one sp? and one 
hybridized C's. sp? hybridized C. The higher percent s- 

character in one C makes a stronger bond; 
thus the bond dissociation energy is higher. 

6.35 

hybrid: 
ji с м" А yond: 5 Hi 
CH2=CH—C—H - CH3=CH+C-H -CH2-CH=C—H СН»=СН=С-Н 
P U ò 
6.36 The more stable radical is formed by a reaction with a smaller ДА“. 
H 
CH3- CH; с H > СНз—СН> С H AH = 410 kJ/mol = less stable radical 
AH H 
This С-Н bond is stronger. A 
" 
CHs7C—CHs > СНз С CH3 AH? = 397 kJ/mol = more stable radical 
н H 
This C-H bond is weaker. B 


Since the bond dissociation for cleavage of the С-Н bond to form radical А is higher, more energy 
must be added to form it. This makes A higher in energy and therefore less stable than B. 


6.37 Use the bond dissociation energy for the C-C o bond in ethane as an estimate of the o bond 
strength in ethylene. Then you can estimate the x bond strength as well. 


СНз= СНз CH=CH; 
AFP = 368 kJ/mol AFP = 635 kJ/mol 


635 — 368 = 267 kJ/mol = x bond 


6.38 Use the rules from Answer 6.10. 

Keq = 0.5. Keq is less than one so the starting material is favored. 

AG? = -100 kJ/mol. AG" is less than 0 so the product is favored. 

АН? = 8.0 kJ/mol. AH’ is positive, so the starting material is favored. 

Keq = 16. Ks is greater than one so the product is favored. 

AG? = 2.0 kJ/mol. ЛС? is greater than zero so the starting material is favored. 

АР? = 200 kJ/mol. AH’ is positive so the starting material is favored. 

AS? = 8 J/(Kemol). AS" is greater than zero so the product is more disordered and favored. 
AS? = -8 J/(K«mol). AS" is less than zero so the starting material is more disordered and 
favored. 


=ош обоо се 
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6.39 


а. A negative AG? must have Keq > 1. Ка= 107. 
b. Keg = [products]/[reactants] = [1]/[5] = 0.2 = Keg. AG? is positive. 
с. A negative AG? has Ke, > 1, and a positive AG? has Keg < 1. AG? = -8 kJ/mol will have a larger 


6.40 


[0] 


6.41 


Keq. 
R axial R Keg 
equatorial 
= ЕЯ R -CH3 18 


-CH(CH})> 38 
-C(CH3)3 4000 


. The equatorial conformation is always present in the larger amount at equilibrium since the K,, 


for all R groups is greater than 1. 


. The cyclohexane with the -C(CH,), group will have the greatest amount of equatorial 


conformation at equilibrium since this group has the highest Кү. 


. The cyclohexane with the —CH, group will have the greatest amount of axial conformation at 


equilibrium since this group has the lowest Кү. 


. The cyclohexane with the -C(CH,), group will have the most negative AG? since it has the 


largest Ка. 


. The larger the R group, the more favored the equatorial conformation. 


Тре К, for tert-butylcyclohexane is much higher because the tert-butyl group is bulkier than the 
other groups. With a tert-butyl group, a CH, group is always oriented over the ring when the 
group 1$ axial, creating severe 1,3-diaxial interactions. With all other substituents, the larger CH, 
groups can be oriented away from the ring, placing a H over the ring, making the 1,3-diaxial 
interactions less severe. Compare: 


tert-butylcyclohexane isopropylcyclohexane 
СНз_ СНз н. „СНз 
Н °`С—+ОН» H 'C—CHs 
H H 
severe 1,3-diaxial interactions with less severe 1,3-diaxial interactions 


the СН. group and the axial H's 


Calculate Keg, and then find the percentage of axial and equatorial conformations present at 
equilibrium. 


F (axial) a @ = –5.9109 Keg 
6 | G? = —1.0 kJ/mol 
= + (equatorial) ^ —1.0 kJ/mol = —5.9log Keg 
H Keg = 1 5 


fluorocyclohexane 


1 part 1.5 parts b. Keg = [products]/[reactants] 
1.5 = [products]/[reactants] 
1.5[reactants] = [products] 
[reactants] = 0.4 = 40% axial 


[products] = 0.6 = 60% equatorial 
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6.42 Reactions resulting in an increase in entropy are favored. When a single molecule forms two 
molecules, there is an increase in entropy. 


+ ^^ increased number of molecules 
AS? is positive. 
products favored 


CH4CH; decreased number of molecules 
AS? is negative. 
starting material favored 
increased number of molecules 
AS? is positive. 
products favored 


CHCOOH +  CH4OH no change in the number of molecules 
neither favored 


a УСС МИ а 


b. СНз: + СНз: 


(СНз)>С=О + H20 


с. (CH3)2C(OH)2 


d. CH4COOCH, + њо 


6.43 Use the directions in Answer 6.16 to draw the transition state. Nonbonded electron pairs are drawn 


in at reacting sites. 


Br: + бн Qr 
a. CY = С) + Br C. Cy + NH. Cy + NH; 
5- © Ò 
transition ôt Br: t transition O--H--NH» + 
Зае: © state: O 


Ри m сњ | " + 
b. BF + — r-8-G а, JC—C-H + HÖ: с=с + HO 
РА 
g Е CHY | CH, Wu 
transition F t 
. | mm 
m $- transition З] 
state: и с а pH 
сна H 


c. 
B B 
Reaction coordinate 
H H : б H H АН? 
ена нашы Reaction coordinate Reaction coordinate overall • опе step A—B 
e —- e РА n А 
. ее since * one step A —В . jp M Blower than A 
B lower than A * endothermic since * B highest energy 
* low Е, B higher than A * Емд-в) is rate- 
(small energy barrier) — *high Ea | determining, 
(large energy barrier) since the transition 


state for Step [1] is 
higher in energy. 
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6.45 


a. «а Т\& — .CHg + HCI: 


b. * Cl + CH, "СНз + НСІ 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
+ 435 kJ/mol 
AHP (kJ/mol AHP (kJ/mol 
( ) ( ) - 431 kJ/mol 
CH3—H + 435 kJ/mol H-CI – 431 kJ/mol 
ANSWER: +4 kJ/mol 
" d. The Е, for the reverse reaction is the difference in energy between 
the products and the transition state, 12 kJ/mol. 
5 16 kJ/mol 16 kJ/mol 
Ф 
= ^ 
W j ете Ta 8 12 kJ/mol 
5 - 
Reaction coordinate и [= 4 kJ/mol 
Reaction coordinate 
6.46 
a. B, D, and F are transition states. 
ES b. C and E are reactive intermediates. 
© c. The overall reaction has three steps. 
ТП d. А-С is endothermic. 
C-E is exothermic. 
E-G is exothermic. 
e. The overall reaction is exothermic. 
Reaction coordinate 
6.47 
9 ÇH 0 CHa 
+ I > + —C— 
C сн.-с-0 сни o- сн.-с-он 
СНз 


сна“ СОН Сн 
3 

Since pKa (CH3CO2H) = 4.8 and pKa [(СНз)зСОН] = 18, the weaker acid is formed as product, and 

equilibrium favors the products. Thus, ДН? is negative, and the products are lower in energy than 


the starting materials. 
transition 


transition state: 


> 
1 a ỌHs IR I ВИН 
= ou m. Ф 
к ан 
E MEC ENS ы. products 


Reaction coordinate 


6.48 


6.49 
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H H 


H H H 
OE — OE = СО 
H ОИ *H [2] "d 


а. Step [1] breaks one л bond and the H-Cl bond, and one С-Н bond is formed. The АН? for this 


step should be positive since more bonds are broken than formed. 
b. Step [2] forms one bond. The АД? for this step should be negative since one bond is formed 


and none is broken. 
c. Step [1] is rate-determining since it is more difficult. 
d. Transition state for Step [1]: Transition state for Step [2]: 


+ H t 


e. 
5 АН"; is positive. 
E AHP’, is negative. 
аны is negative. 
Reaction coordinate 
B 
С 
> 
o 
Ф 
с 
ma te И и з a 
(СНз)зС + 
+ H2O АН, 
tI 
ocu pM, EIN. NP de и edem ЕН 
(СНз)зС—ОН (СНз)зС— ОН» АЕР, =0 NM 
+ HI + 1 (СНз) С —1І 


Reaction coordinate 


a. The reaction has three steps, since there are three energy barriers. 
b. See above. 
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c. Transition state А (see graph for Transition state B: Transition state C: 
location): 
ôt к + 5+ 5- 
zs СНз)зС OH HE 
(CHa)sC— ÖH 3| Е us i | | снус- - -Ї: 
Е. 


d. Step [2] is rate-determining since this step has the highest energy transition state. 


6.50 Ea, concentration, catalysts, rate constant, and temperature affect reaction rate so (c), (d), (e), (g), 
and (h) affect rate. 


6.51 


6.52 


6.53 


6.54 


сос? 


њо по св» 


. rate = k[CH3Br][NaCN] 

. Double [CH3Br] = rate doubles. 

. Halve [NaCN] = rate halved. 

. Increase both [CH3Br] and [NaCN] by factor of 5 = [5][5] = rate increases by a factor of 25. 


Q: IOR oF 
acetyl | C и CH ЕД x | CI 
El. gehe —С— == С. + Or 
chloride сну Cl slow iudi fast СНз” ^OCHs 
CHO? | methyl acetate 


. Only the slow step is included in the rate equation: Rate = (СНО ][| CH,COCI] 
. СЊО 55 in the rate equation. Increasing its concentration by 10 times would increase the rate by 


10 times. 


. When both reactant concentrations are increased by 10 times, the rate increases by 100 times 


(10 x 10 = 100). 
This is a substitution reaction (OCH, substitutes for Cl). 


. True: Increasing temperature increases reaction rate. 


True: If a reaction is fast, it has a large rate constant. 
False: Corrected - There is no relationship between AG? and reaction rate. 


. False: Corrected - When the £, is large, the rate constant is small. 
. False: Corrected - There is no relationship between Keq and reaction rate. 
. False: Corrected - Increasing the concentration of a reactant increases the rate of a reaction only 


if the reactant appears in the rate equation. 


. The first mechanism has one step: Rate = k[(CH,),CH[(OH] 
. The second mechanism has two steps, but only the first step would be in the rate equation since it 


is slow and therefore rate-determining: Rate = k[(CH,),CI] 


. Possibility [1] is second order; possibility [2] is first order. 
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d. These rate equations can be used to show which mechanism is plausible by changing the 
concentration of OH. If this affects the rate, possibility [1] is reasonable. If it does not affect 


the rate, possibility [2] is reasonable. 


e. 
> 
5 
2 А = (СНз)зСІ + “ОН 
B В = (CH3)>C=CH, + Г + ЊО 
Reaction coordinate 
f. transition state 
[1] 
А 
transition state CH3 
[2] | 
| E10) [1] СНз-СяСНз 
8 P urbc та ая 1:87 
Ф Е (СНз)зС* ue 
c a[1] на 
ш AHP + I АЕР 
п] +-он СНз 
P CUISINE | и о ЕЕ. уь чыз M 
рл, али аена оа ТАН? overall [2] о селице 
(СНз)зСї (СН) »С=СНЬ кү 
+ H2O 8- 


Reaction coordinate 
6.55 The difference in both the acidity and the bond dissociation energy of CH4CH, versus HC=CH is 
due to the same factor: percent s-character. The difference results because one process is based on 


homolysis and one is based on heterolysis. 
Bond dissociation energy: 


M ME E 
sp? hybridized sp hybridized 
25% s-character 50% s-character 
Higher percent s-character makes 


this bond shorter and stronger. 


Acidity: To compare acidity, we must compare the stability of the conjugate bases: 


CHCH} HC=C 
sp? hybridized sp hybridized 
25% s-character 50% s-character 
Now a higher percent s-character 


stabilizes the conjugate base making 
the starting acid more acidic. 
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6.56 
— Ha Hp — Hp VAN Hp Hp 
a. 1 1 ч О 1 » 5 » " = = 
( 2-$-$-et ( 2-$-6-et C 6-C-CH, =: C-CHs 
H H H H H H H 


=C-C-CH, 
нн H H 
Ha АЈ На На 
b {ее {ео — C-C-CH; 
H H H H 


с. С-Н, is weaker the С-Н, since the carbon radical formed when the С-Н, bond is broken is highly 
resonance stabilized. This means the bond dissociation energy for С-Н, is lower. 


6.57 In Reaction [1], the number of molecules of reactants and products stays the same, so entropy is 


not a factor. In Reaction [2], a single molecule of starting material forms two molecules of 


products, so entropy increases. This makes AG? more favorable, thus increasing Ке 
6.58 
0 


О 
+ | 
сну он CH3CH2OH 


— 


= Cx + ЊО Ка = 4 
сну ~~OCH,CH3 Б 
ethyl acetate 
To increase the yield of ethyl acetate, H2O can be removed from the reaction 
mixture, or there can be a large excess of one of the starting materials. 


6.59 


a. "D — =: сЊСсЊњ-о-н = Снзсн-0: 
ethanol no resonance stabilization 
Less energy is required for cleavage 


| of СьН5О-Н because homolysis 
ВЕ (y “ forms the more stable radical. 
О —— О 


phenol | 


resonance stabilized 
less energy for homolysis 


b. C po" 


CH3CH; 10-H 


Csp*-O Csp?-O 
higher % s-character lower % s-character 
shorter bond 


longer bond 
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Chapter 7: Alkyl Halides and Nucleophilic Substitution 


* General facts about alkyl halides 


e Alkyl halides contain a halogen atom X bonded to an sp” hybridized carbon (7.1). 

• Alkyl halides are named as halo alkanes, with the halogen as а substituent (7.2). 

e Alkyl halides have a polar C-X bond, so they exhibit dipole-dipole interactions but are incapable of 
intermolecular hydrogen bonding (7.3). 

e The polar C-X bond containing an electrophilic carbon makes alkyl halides reactive towards 
nucleophiles and bases (7.5). 


+ The central theme (7.6) 


e Nucleophilic substitution is one of the two main reactions of alkyl halides. A nucleophile replaces a 
leaving group on an sp? hybridized carbon. 
R-X + М ——- R-Nu + X: 


nucleophile leaving group 


The electron pair in the C-Nu bond 
comes from the nucleophile. 


* Oneo bond is broken and one o bond is formed. 
e There аге two possible mechanisms: Syl and 52. 


+ Snl and 552 mechanisms compared 


$42 mechanism Snl mechanism 
[1] Mechanism * One step (7.11B) * Two steps (7.13B) 
[2] Alkyl halide e Order of reactivity: CH3X > e Order of reactivity: R3CX > 
RCH2X > ВСНХ > R3CX ВСНХ > RCH2X > CH3X 
(7.11D) (7.13D) 
[3] Rate equation e rate = k[RX][:Nu | * rate = ДЕХ] 
e second-order kinetics (7.11А) • first-order kinetics (7.13A) 
[4] Stereochemistry • backside attack of the * trigonal planar carbocation 
nucleophile (7.11C) intermediate (7.13C) 
e inversion of configuration ata • racemization at a stereogenic 
stereogenic center center 
[5] Nucleophile * favored by stronger * favored by weaker nucleophiles 
nucleophiles (7.17B) (7.17B) 
[6] Leaving group ° better leaving group — faster • better leaving group — faster 
reaction (7.17C) reaction (7.17C) 
[7] Solvent * favored by polar aprotic * favored by polar protic solvents 


solvents (7.17D) (7.17D) 
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Increasing rate of the 5,1 reaction 


Н Н Н В 
| 
H-C-Br R—C-Br R-C-Br R-C-Br 
| 
H H R R 
methyl o 29 3° 
Ne y 1 „7 
У роћ 
512 $1 and 5,2 $м1 


Increasing rate of an Sy2 reaction 


+ Important trends 


* The best leaving group is the weakest base. Leaving group ability increases across a row and down 
a column of the periodic table (7.7). 


Increasing basicity Increasing basicity 


:NHs H20: Е - ст“ Br^ 17 
"e = 
Increasing leaving group ability Increasing leaving group ability 


e Nucleophilicity decreases across a row of the periodic table (7.8A). 


For 279 row elements - = 2 - 
with the same charge: Cis NEI gH Е 
Ке o—— dá 2I 
Increasing basicity 
Increasing nucleophilicity 


e Nucleophilicity decreases down a column of the periodic table in polar aprotic solvents (7.8C). 


Down a column 
uber: I 
of the periodic table F cI Br 


ED 


Increasing nucleophilicity 
in polar aprotic solvents 


e Nucleophilicity increases down a column of the periodic table in polar protic solvents (7.8C). 


Down a column 
I 
of the periodic table 8 “l Sr 


6 


Increasing nucleophilicity 
in polar protic solvents 


* The stability of a carbocation increases as the number of R groups bonded to the positively charged 
carbon increases (7.14). 


+ + + 
СНз RCH, RCH R3C 
methyl 1° 2° 3° 
G 
Increasing carbocation stability 
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Principle 


Alkyl Halides and Nucleophilic Substitution 7-3 


Example 


e Electron-donating groups (such аз R 


groups) stabilize a positive charge (7.14А). 


e Steric hindrance decreases nucleophilicity 
but not basicity (7.8B). 


* Hammond postulate: In an endothermic 
reaction, the more stable product is formed 
faster. In an exothermic reaction, this fact 
is not necessarily true (7.15). 


* Planar, sp? hybridized atoms react with 
reagents from both sides of the plane 
(7.13C). 


3? Carbocations (ВзС”) are more stable 
than 2° carbocations (R2CH )), which are 
more stable than 1° carbocations (RCH; ). 


(CH3)3CO 1$ a stronger base but a weaker 
nucleophile than CH3CH20 . 


Sul reactions are faster when more stable 
(more substituted) carbocations are formed, 
because the rate-determining step is 
endothermic. 


A trigonal planar carbocation reacts with 
nucleophiles from both sides of the plane. 
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Chapter 7: Answers to Problems 
7.1 Classify the alkyl halide as 1?, 2?, or 3? by counting the number of carbons bonded directly to 
the carbon bonded to the halogen. 


C bonded to 1 C 


C bonded to 2 C's 

1° alkyl halide 2° alkyl halide 

CH; | I 
a. CH4CH2CH5CH5CH» - Br b. RC C. СНз-С—СНСНз d. pe » 
CH; CI 
C bonded to 3 C's C bonded to 3 C's 
3? alkyl halide 3? alkyl halide 
7.2 Use the directions from Answer 7.1. 
This Е is bonded to a C which is ————> FE. 8 о 
not bonded to any other C's. Therefore, 
it cannot be classified as 1°, 2°, or 3°. HO ‚ОСОС2Нь 
О bonded to C bonded to 3 C's 


O 3° alkyl halide 


bonded to C bonded to 2 C's 
2° alkyl halide 


7.3 Draw a compound of molecular formula C6H13Br to fit each description. 


Br 
a. d b. Pp" C. a №. 
: : Вг 
1? alkyl halide 2? alkyl halide 
one stereogenic center 


3? alkyl halide 
two stereogenic centers no stereogenic centers 


7.4 To name a compound with the IUPAC system: 
[1] Name the parent chain by finding the longest carbon chain. 


[2] Number the chain so the first substituent gets the lower number. Then name and number all 
substituents, giving like substituents a prefix (di, tri, etc.). To name the halogen substituent, 
change the -ine ending to -o. 


[3] Combine all parts, alphabetizing substituents, and ignoring all prefixes except iso. 


a. (CH3)sCHCH(Cl)CH2CH3 
| re-draw 2-methyl 
| x 
[x [2] РАИ 
| 
CI 


[3] 3-chloro-2-methylpentane 
2 Cl<—3-chloro 
5 carbon alkane - pentane 
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b. 2-bromo 
Br 2 Br : 
[1] | [2] [3] 2-bromo-5,5-dimethylheptane 
А 
a пи | | 
7 carbon alkane = heptane 5,5-dimethyl 
с. 
[1] E [2] Q АИ [3] 1-bromo-2-methylcyclohexane 
Вг 


Пвг-—1 -bromo 
1 


6 carbon cycloalkane = 
cyclohexane 


d. 2-fluoro 
А б 3] 2-fluoro-5,5-dimethylhept 
[1] | [2] | [3] 2-fluoro-5,5-dimethylheptane 
1 1 ~— 5,5-dimethyl 
| 1234 


7 carbon alkane = heptane 


7.5 To work backwards from a name to a structure: 


[1] Find the parent name and draw that number of carbons. Use the suffix to identify the 
functional group (-ane = alkane). 


[2] Arbitrarily number the carbons in the chain. Add the substituents to the appropriate carbon. 
a. 3-chloro-2-methylhexane 


[1] 6 carbon alkane 


[2] _— methyl at C2 


LOSS 
1234 
S sone Ci —— chloro at СЗ 
b. 4-ethyl-5-iodo-2,2-dimethyloctane 


[1] 8 carbon alkane 


[2] 


-—— ethyl at C4 
OE d 
12345678 


2 methyls at C2 1 =— 
C. cis-1,3-dichlorocyclopentane 


[1] 


iodo at C5 


5 carbon cycloalkane [2] chloro groups at C1 and C3, both on the same side 


Q CF 
ст“ Е 
d. 1,1,3-tribromocyclohexane 


[1] 


6 carbon cycloalkane [2] 


O ua 
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e. propyl chloride 


[1] 3 carbon alkyl group [2] chloride on end 
CH3CH2CH; — CH3CH5CH^»- CI 
f. sec-butyl bromide 
[1] 4 carbon alkyl group [2] bromide 
гасе. CHs - CHCH;CH; 
Br 


7.6 Boiling points of alkyl halides increase as the size (and polarizability) of X increases. Remember: 
stronger intermolecular forces — higher boiling point. 


a. CH4CH2CH5F CH3CH3CH,Cl СНзСНСН»І 
smallest halogen middle size halogen largest halogen 
least polarizable intermediate most polarizable 
lowest boiling point boiling point highest boiling point 
b. | CH&(CH5),CHs СНз(СН»)5Вг CH&4(CH5);OH 
weakest forces VDW, DD forces ОН is capable of hydrogen bonding. 
nonpolar intermediate 


strongest forces 
highest boiling point 


lowest boiling point boiling point 
7.7 a. Because an sp? hybridized C has a higher percent s-character than an sp? hybridized C, it holds 


electron density closer to C. This pulls a little more electron density towards C, away from CI, 
and thus a Ср —СТ bond is less polar than а Csp*—Cl bond. 


СН 


lowest boiling point sp? С-СІ ропа larger halogen, sp? C-Br bond 
intermediate highest boiling point 
boiling point 


7.8 Since more polar molecules are more water soluble, look for polarity differences between 


methoxychlor and DDT. 
methoxychlor DDT 
wa Rue 
CH3O / N С N 7, ОСН; СІ / \ С N 7, СІ 
dE = coh 


2 methoxy groups 
more polar 
The О atoms can hydrogen bond to НО. 
more biodegradable 


2 chloro groups 
less polar 
readily soluble in an organic medium 
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7.9 To draw the products of a nucleophilic substitution reaction: 
[1] Find the sp? hybridized electrophilic carbon with a leaving group. 
[2] Find the nucleophile with lone pairs or electrons in x bonds. 
[3] Substitute the nucleophile for the leaving group on the electrophilic carbon. 


a. * ~ OCH;CHs + Br 
OCH;CHs 
1 nonbonded ег pairs 
leaving group nucleophile 


он 
b. Q + Na* -OH O + Матсг 
| 


leaving group nonbonded e- pairs 
nucleophile 


& + " МЕХ +I 
|| 


nonbonded e~ pairs 
nucleophile 


cn 
d. oe | + Nat-CN + CY d 
| 


leaving group nonbonded е- pairs 
nucleophile 


leaving group 


7.10 Use the steps from Answer 7.9 and then draw the proton transfer reaction. 


. substitution pue = 
а. + :N(CH2CH3)s и N(CH;CH3), + Br 


nucleophile 
leaving group 


~ ituti - -. . proton X 
b. (СНз)зС * H20: seen (CH3)4C-50^H + :Cl: P (CHgsC—O-H + HCI 
- nucleophile H transfer 
leaving group 
7.11 Draw the structure of CPC using the steps from Answer 7.9. 


nucleophile substitution 


CA 


leaving group 


+ СЕ 
СРС 
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7.12 Compare the leaving groups based on these trends: 
* Better leaving groups are weaker bases. 
* A neutral leaving group is always better than its conjugate base. 


a. Cr, I: b. NHs, МН2“ C. H20, H2S 
farther down a column neutral compound farther down a column 
of the periodic table less basic of the periodic table 
less basic better leaving group less basic 
better leaving group better leaving group 


7.13 Good leaving groups include СГ, Br, Г, H,O. 


а. CH3CH;CH» b. СНАСНСНЊОН с. снесньсн»-[бн, d. СЊАСНа 
; | | 
Br is a good No good leaving group. ЊО is a good No good leaving group. 
leaving group. ТОН is too strong a base. leaving group. H- is too strong a base. 


7.14 To decide whether the equilibrium favors the starting material or the products, compare the 
nucleophile and the leaving group. The reaction proceeds towards the weaker base. 


a. СНзСН, - NH5 * Br. 


CH3CH;-Br + мн, 


Reaction favors 


nucleophile leaving group starting material. 


better leaving group Е 
weaker base рКа (NH3) = 38 


pK, (HBr) = -9 
b. aaa + “CN — NxN см + I 
nucleophile leaving group Reaction favors product. 
= better leaving group 
PR (HCN) e Sd weaker base 
pKa (HI) = -10 


7.15 It is not possible to convert CH3CH2CH20H to CH3CH2CH2CI by nucleophilic substitution with 
NaCl because OH is a stronger base and poorer leaving group than СГ. The equilibrium favors 
the reactants, not the products. 


сњењењон + ма — ЖЖ  CH&CH;CH,C| + ма “он 
t 


weaker base stronger base 
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7.16 Use these three rules to find the stronger nucleophile in each pair: 
[1] Comparing two nucleophiles having the same attacking atom, the stronger base is a stronger 
nucleophile. 
[2] Negatively charged nucleophiles are always stronger than their conjugate acids. 
[3] Across a row of the periodic table, nucleophilicity decreases when comparing species of 
similar charge. 


О 
= = = | 
а. МНа, NH; b. CH3, HO C. CH3NH3, CH30H d. pon CH3CH,0 © 
CH3 o 
A negatively charged Across a row of the periodic Across a row of the periodic same attacking 
nucleophile is stronger table, nucleophilicity decreases table, nucleophilicity decreases atom (O) 
than its conjugate acid. with species of the same charge. with species of the same charge. stronger base 
stronger nucleophile stronger nucleophile stronger nucleophile stronger 
nucleophile 


7.17 Polar protic solvents are capable of H-bonding, and therefore must contain a H bonded to an 
electronegative O or N. Polar aprotic solvents are incapable of H-bonding, and therefore do not 
contain any О-Н ог М-Н bonds. 


а. HOCH2CH20H b. CH3CH2OCH2CH3 c. СНАСООСЊСНза 
contains 2 О-Н bonds по О-Н bonds по О-Н bonds 
polar protic polar aprotic polar aprotic 


7.18 * In polar protic solvents, the trend in nucleophilicity is opposite to the trend in basicity down a 
column of the periodic table so that nucleophilicity increases. 
* [n polar aprotic solvents, the trend is identical to basicity so that nucleophilicity decreases 
down a column. 


a. Br and СГ in polar protic solvent c. HS- and F- in polar protic solvent 


In polar protic solvents: 
nucleophilicity increases 


farther down the column farther down the column n 
more nucleophilic and left in the row ОЕ nucleophilicity 
in protic solvent more nucleophilic S increases 


in protic solvent 
b. "ОН and СГ in polar aprotic solvent 


In polar aprotic solvents: 


farther up the column nucleophilicity increases 


and to the left in the row OF 
more basic CI 
more nucleophilic 


nucleophilicity 
increases 
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7.19 The stronger base is the stronger nucleophile except in polar protic solvents when nucleophilicity 
increases down a column. For other rules, see Answers 7.16 and 7.18. 


a. H20 TOH TNH; 


no charge negatively charged negatively charged 
weakest nucleophile intermediate nucleophile farther left in periodic table 
strongest nucleophile 


b. Br F -OH 
Basicity decreases down a Basicity decreases strongest nucleophile 
column in polar aprotic solvents. across a row. 
weakest nucleophile intermediate nucleophile 
с. H20 снасоо“ “он 
weakest nucleophile weaker base than "ОН strongest nucleophile 


intermediate nucleophile 


7.20 To determine what nucleophile is needed to carry out each reaction, look at the product to see what 
has replaced the leaving group. 


a. (СНз):СНСНСН — Br —> (CH3)2CHCH2CH2— SH C. (CH3)2CHCH2CH2—Br —> (CH3)eCHCH2CH; —ОСОСНз 
SH replaces Br. OCOCHs replaces Br. 
Н$- is needed. CH3COO: is needed. 
b. (CH3);?CHCH5CH; —Br —- (CH3);/CHCH5CH; — OCH5CH;4 d. (CH3);CHCH5CH; — Br —— (CH3)>CHCH2CH,—C=CH 
ОСНЬСН» replaces Вг. C=CH replaces Br. 
СНзСН.О- is needed. НС=С- is needed. 


7.21 The general rate equation for ап Sy2 reaction is rate = A[RX][:Nu |. 


a. [RX] is tripled, and [:Nu ] stays the same: rate triples. 

b. Both [RX] and [Ма ] are tripled: rate increases by a factor of 9 (3 x 3 = 9). 
c. [RX] is halved, and [:Nu ] stays the same: rate halved. 

а. [RX] is halved, and [:Nu ] is doubled: rate stays the same (1/2 x 2 = 1). 


7.22 The transition state in an 52 reaction has dashed bonds to both the leaving group and the 
nucleophile, and must contain partial charges. 


a. CH,CH,CH;-Cl + OCH, ——»  CH,CH;CH;-OCH4 + CIT | снусньсн,---6:5 t 
CH3: ô- 
Бо V 
һб." ОУ? з + SH OH + ве :SH 
| У Ч 
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7.23 АП 5,2 reactions have one step. 


CHgCHsCHp- - -Öl:5- | * 


CH0: ò- 


CH3CHCH2—CI 
+ OCH, 


Energy 


AH? 


CH3CH2CH2-OCH3 + СТ 


Reaction coordinate 


7.24 To draw the products of Sy2 reactions, replace the leaving group by the nucleophile, and then 
draw the stereochemistry with inversion at the stereogenic center. 


CHCH: È У Me, 
a. p= + ~OCH,CH, CHEHRE b. [5- + “СМ 


H H 


Ove 


7.25 Increasing the number of R groups increases crowding of the transition state and decreases the rate 
of an $32 reaction. 


Cl 
а. CH.CH;-O or CH,—Cl а № =“ А (Су " CX 
Br 
1? alkyl halide methyl halide 2? alkyl halide 1? alkyl halide 2? alkyl halide 3? alkyl halide 
faster reaction faster reaction faster reaction 
7.26 
: | CH3 
These three methyl groups make the alkyl halide sterically hindered. — CH -с- CH.Br 
This slows the rate of an Sy2 reaction even though it is a 1? alkyl halide. з. ШУ = 
3 


7.27 


ок eR e of 


Нз а proton 


+ SR, nicotine 


7.28 In a first-order reaction, the rate changes with any change in [RX]. The rate is independent of 
any change in [nucleophile]. 
a. [RX] is tripled, and [:Nu ] stays the same: rate triples. 
b. Both [RX] and [:Nu ] are tripled: rate triples. 
c. [RX] is halved, and [:Nu ] stays the same: rate halved. 
d. [RX] is halved, and [:Nu ] is doubled: rate halved. 
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7.29 In $51 reactions, racemization always occurs at a stereogenic center. Draw two products, with 
the two possible configurations at the stereogenic center. 


leaving group nucleophile 


СНз СНз СНз 
у ж | | 
"(снасн“ \ Pr (CHjgcH OH + (енаен“ ү Сењ =н 
СНСНз СНСНз ОН 


: enantiomers 
nucleophile 


b H o CH3COO- H С Ae о Е 
CH4CHZ а Снаснг OOCCH, * сн.снх CH3 


diastereomers 


leaving group 


7.30 Carbocations are classified by the number of R groups bonded to the carbon: 0 R groups = 
methyl, 1 R group = 1°, 2 R groups = 2°, and 3 R groups = 3°. 


+ 
a. с сво b. (CH3)3CCHs с. СХ " on 
+ 


2 R groups 1 R group 3 R groups 2 R groups 
2? carbocation 1? carbocation 3? carbocation 2? carbocation 


7.31 For carbocations: Increasing number of R groups - Increasing stability. 


+ + + 
СНзСН»СН»СН» CH3CHCHCH3 CH5-C-CHs 
CH3 
1° carbocation 2° carbocation 3° carbocation 
least stable intermediate most stable 
stability 


7.32 For carbocations: Increasing number of R groups = Increasing stability. 


+ 
+ + + Сн; 
а. (СНУСНСЊСН, (CH3)sCHCHCH3 (CHg)sCCH»CHg b. CY on ed 
+ 


1? carbocation 2? carbocation 3? carbocation 
least stable intermediate most stable 1° carbocation 2° carbocation 3° carbocation 
stability least stable intermediate most stable 


stability 
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7.33 The rate of an $1 reaction increases with increasing alkyl substitution. 


a. (СНз)зСВг or (CH3)3CCH2Br 


3° alkyl halide 1° alkyl halide 
faster 5,1 reaction slower 5,1 reaction 


b. Peer or ЕР 7 


3? alkyl halide 


2? alkyl halide 
faster Sy1 reaction 


slower Sy1 reaction 


2? alkyl halide 


3? alkyl halide 
slower 5,1 reaction 


faster Sy1 reaction 


7.34 * For methyl and 1? alkyl halides, only Sy2 will occur. 


* For 2? alkyl halides, 51 and 542 will occur. 


e For 3? alkyl halides, only Syl will occur. 


CHs H 
а. CHs-C—C—Br b за Br 
CH; CH 1° alkyl halide 
2° alkyl halide 512 
5 апа 512 


7.35 • 


operates. 
e For 3? alkyl halides, only 551 will occur. 


E CHOH Du d 
a. Cl OCH; + НСІ 
3? alkyl halide 
only Sy1 
з SH 
| [3^ _SH , CY EP 
1? alkyl halide 
only 512 


с. [= а. d 


2? alkyl halide 3? alkyl halide 
$м1 and Sy2 5 


Draw the product of nucleophilic substitution for each reaction. 


For methyl and 1° alkyl halides, only 532 will occur. 
For 2? alkyl halides, Sy1 and 532 will occur and other factors determine which mechanism 


СНАСНаО 


Strong nucleophile 
2° alkyl halide 
Both 541 and 5,2 


favors Sy2. 
OCH,CH 
Cues, 
are possible. 


Weak nucleophile 
favors Sy1. 


| 
а. didi CH4OH 
Br "ue 


2? alkyl halide 
Both Sy1 and Sy2 
are possible. 


+ HBr 


7.36 First decide whether the reaction will proceed via an Syl or 542 mechanism. Then draw the 


products with stereochemistry. 


a. d БА + H,O ај о + ЕС + НВг 
Br | H OH HO н 


H 
2? alkyl halide 
541 and Sy2 


Weak nucleophile 
favors 511. 


51 = racemization at the 
stereogenic C 


enantiomers 
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b | C , ^"c-c-H b d + СГ Sp2= inversion at the stereogenic С 
но D H 
1? alkyl halide 
$м2 only 


7.37 Compounds with better leaving groups react faster. Weaker bases are better leaving groups. 


+ 
а. CHCH;CH;Cl or  CHgCH,CHoI ОНОРОН ог ИСНЕ 
weaker Базе weaker base 
better leaving group better leaving group 


b. (СНз)зСВг ог ids d. CH,CH,CH,OH or CH&CH;CH f OCOCH; 


weaker base 


better leaving group weaker base 


better leaving group 


7.38  * Polar protic solvents favor the 5х1 mechanism by solvating the intermediate carbocation and 
halide. 
e Polar aprotic solvents favor the 542 mechanism by making the nucleophile stronger. 


а. СНАСЊОН b. CH4CN с. CH4COOH d. CH3CH,OCHsCH3 

polar protic solvent polar aprotic solvent polar protic solvent polar aprotic solvent 

contains an O-H bond no O-H or N-H bond contains an O-H bond no O-H or N-H bond 
favors Sy1 favors 512 favors Sy1 favors 512 


7.39 Compare the solvents in the reactions below. For the solvent to increase the reaction rate of an 
51 reaction, the solvent must be polar protic. 


H20 А 
а (СНз):СВг + HO 2 (CHg4COH + HBr Polar protic solvent 
о р CH ae increases the rate of an 
3° RX – 541 reaction (СНз)>С= м1 reaction. 


CH4OH 


b. a in + CHOH ог e + HCI CHOH 
Cl OCH, Polar protic solvent 


DMSO | 
increases the rate of an 
5\1 reaction. 


3? RX – Sy1 reaction 


=. HO = 
с. ^ Br + OH 2 GON + ВЕ DMF [HCON(CH3);] 
or Polar aprotic solvent 
1° RX – 542 reaction DMF increases the rate of an 


Зм2 reaction. 


— CH,OH = 
d. dio diis + СНО ae + CI HMPA [(CHg)2N]3P=O 
H Cl HMPA H осн. Polar aprotic solvent 
increases the rate of an 


© ; 
29RX strong nucleophile Sy2 reaction. 


Зм2 reaction 
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7.40 To predict whether the reaction follows an Syl or 5к2 mechanism: 
[1] Classify RX as a methyl, 1°, 2°, or 3? halide. (Methyl, 1° = 5,2; 3° = Syl; 2? = either.) 
[2] Classify the nucleophile as strong or weak. (Strong favors 52; weak favors $31.) 
[3] Classify the solvent as polar protic or polar aprotic. (Polar protic favors Syn1; polar aprotic 


favors 512.) 


a. | > сња + CHCH;O —— [_})—оңосңсн, + Br Sy2 reaction 


1? alkyl halide 
$м2 


b. "ou * Ns. 


2° alkyl halide ш 
51 ог 512 NS 


" И + СНОН — ub ов + HI 
| Weak nucleophile 
3? alkyl halide favors 511. 


5 


d. E + HO — СОС E 0 10 + HCI gi reaction 
CI Weak nucleophile OH HO * forms two enantiomers. 
favors Sy1. 


`гу ‚№ + Br  Sw2reaction = inversion а the stereogenic center 
The leaving group was "up." 


The nucleophile attacks from below. 


Sn reaction 


3? alkyl halide 
541 


7.41 Vinyl carbocations are even less stable than 1? carbocations. 


+ + + 
CH3CH,CH»CHs,CH=CH CH4CH2CH5CH5CH5CH5 CH4CH2CH5CH5CHCHs; 
vinyl carbocation 1? carbocation 2? carbocation 
least stable intermediate most stable 
stability 
7.42 
Pas N Pd n Na* СМ САРА 
а. СМ CI CN 
carbon nucleophile 
framework 
b. | (CH3)3CCH2CH2--SH (СНз)зССН»СН»— С! (СНз)зССН>СН» — SH 


mM nucleophile 


framework 
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OH а! и OH 
ge reu o! 
nucleophile 


carbon 
framework 
Na* "Cz СН 
d. |CH3CH,-C=C—H | CH3CH;- CI CH3CH,—C=C—H 
carbon nucleophile 
framework 
7.43 
СНзО: + CIL 5 CH2CH CH3OCH;CH; СНзСН>О: + сена CH3OCH5CH;5 


7.44 Use the directions from Answer 7.4 to name the compounds. 


[1] СНз [2] СНз 1 [3] 1-fluoro-3,3-dimethylbutane 
a. СНз-С-СНЬСН» Е CHs—C-CH;CH} F 
CH3 3 сна 
4 carbon alkane = butane 1-fluoro 


3,3-dimethyl 


б S-ethyl-( 
Pa aa, [2] 2 
3 I 
| 2-methyl — | р I 
6 carbon alkane - hexane Чочо 


b.[1] [3] 3-ethyl-1-iodo-2-methylhexane 


с.[1] (CH3)5CCH;Br [2] ÇH; [3] 1-bromo-2,2-dimethylpropane 
CH3—C—CH,-Br 
Gils Zon, | 
СНз-С-СН»]Вг ?* 4-bromo 
СНз 2,2-dimethyl 
3 carbon alkane - propane 
a. Ul СЕИ [2] LEM [3] 6-bromo-2-chloro-6-methyloctane 
| 1 
Br Cl Br Ch. 
8 carbon alkane = octane oisi 6-bromo' 2-chloro 
Br Br-— 1-bromo 
e Ul [2] 5 [3] cis-1-bromo-3-iodocyclopentane 
I 1-— 3-iodo 


5 carbon cycloalkane = 
cyclopentane 


1 
CI МАС! ; 
[1] [2] . [3] trans-1,2-dichlorocyclohexane 
f. | | trans-1,2-dichloro 
Ke а! 
6 carbon cycloalkane = 2 


cyclohexane 
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9.1] (CH) C CH;CH(CI)CH;CI [2] СНз H [3] 1,2-dichloro-4,4-dimethylpentane 
СНз H CH4— C—CH5-C - CH4CI 
CH3—-C- CH5- C- CH4CI CH3 Cis 
. 1,2-dichloro 
см а 4,4-dimethyl 


5 carbon alkane = pentane 


[1] [2] 4 2 [3] (2R)-2-iodo-4,4-dimethylhexane 
h. 1 
== а а 


I a Г.Н — 3 
6 carbon alkane = hexane д 4 dimethyl (2R)-2-iodo Е Clockwise 
(Indicate the R/S | Ji H4 R 
1 


designation also) 


7.45 To work backwards to a structure, use the directions in Answer 7.5. 


a. isopropyl bromide e. 1-bromo-4-ethyl-3-fluorooctane 
Br-— Bromine on middle С -— 4-ethyl 
CH,- CHCH; makes it an isopropyl group. T 3 4 
b. 3-bromo-4-ethylheptane 1-bromo Е -—3-fluoro 


f. (3S)-3-iodo-2-methylnonane 


<— 4-ethyl —— 2-methyl 
Е 1 
Br-— 3-bromo 3571 H 


N 3-iodo 
9. (1R,2R)-trans-1-bromo-2-chlorocyclohexane 


1,01 7— 1,1-dichloro 1R 
Cun \ „Вг -— 1-bromo 
5 =— 2-methyl CY 


| "CI«— 2-chloro 


c. 1,1-dichloro-2-methylcyclohexane 


d. trans-1-chloro-3-iodocyclobutane 


2H 
эуе 1011018 h. (BR)-4,4,5-trichloro-3,3-dimethyldecane 
1 d 3,3-dimethyl 
T-— 3-iodo Cl |н с у 


4,4,5-trichloro 
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7.46 
de 
a. Ghg- D Рана 
СНз 
1° halide 
р. 
І 
! 
1? halide 


C. (СНз)зССНЬВг 
1? halide 


7.47 


1-chloropentane 


1-chloro 
1 


1-chloro-2,2-dimethylpropane 


2 


* 


2-chloro —-Cci 


2-chloropentane 
[* denotes stereogenic center] 


3-methyl — 
: 3 


2-chloro — CI 
2-chloro-3-methylbutane 


[* denotes stereogenic center] 


1-chloro 


2-methyl — | 
у в 


1-chloro-2-methylbutane 
[* denotes stereogenic center] 
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3° halide 2° halide 


Br-—— 2° halide 


I-—— 2° halide 
CI-—— 
f. Both are 
а 2? halides. 


Cl 
3-chloro er ДР 
3 


3-chloropentane 


2-chloro 


ба a 
2 


2-chloro-2-methylbutane 


H H 
|| 
д. (CHg)CCH? -C-C-CI -— — 1° halide 
CI H 
Џ 
2° halide 
IH 
ү: 
2° halide 


Шей 
cl 1 3 

1-chloro 
1-chloro-3-methylbutane 


Two stereoisomers 


FY 3 s 

4 (> 

40 H4 40i H4 
Clockwise Clockwise 
"4" in = "4" in front = 


Two stereoisomers 


CO. £A. 
4H”: HU 
a) wh) 
Counterclockwise Counterclockwise 
"4" in front = "4" in = 
В 


Two stereoisomers 


4 
i Ж 3 н 
Via LX d 
2.1 2.1 
Clockwise Clockwise 
"4" in front= 


"4" in back = 
R 
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7.48 Use the directions from Answer 7.6. 


Br 
a. (СНз)зСВг or СНзСНСНСН,Вг р. aia or САБ." C. @ or Cy 


larger surface area = larger halide = more polarizable = nonpolar more polar = 
stronger intermolecular forces = higher boiling point only VDW forces higher boiling point 
higher boiling point 


7.49 


a.  CH4CH;CH;CH;-Br + -OH CH4CH,CH;CH;OH + Br 


b.  CH&3CH;CH;CH;-Br + ^ SH  ———-  CH3CH;CH;CH;SH + Br 


C. CH34CH35CH5;CH; - Br + “CN 


CH3CH2CH2CH CN + Br 


d. СНзСН»СН»СН»—Вг + ~OCH(CH3)> ——  CH3CH;CH;CH;OCH(CH3) + Вг 


€. | CHgCH»CH2CH2—Br + ~C=CH CHsCH2CH2CHC=CH + Вг 


x» + 
f. CH4CH2CH5CH; - Br + H20: CH3CH2CH2CH20H3 + Br CH4CH5CH5CH2OH + HBr 


g. | СНСН»СН»СН»-Вг + NHa ——- CH4CH,CH;CH;NH, + Br СНаСН>СНЬСНЫМН» + HBr 


h.  СНэСН»СН»СН»—Вг + Natr CH3,CH,CH.CH,I + Nat Br 
i. CH4CH;CH5CH; - Br T Na* Ма“ ES CH3CH35CH;CH5N5 + Na* Br- 


7.50 Use the steps from Answer 7.9 and then draw the proton transfer reaction, when necessary. 


0 
а. С — + Cl 
Cl © сви “о c О 
Hs 
| nucleophile Y 
leaving group o 
b. А +  Na*-CN М СМ + ма 


leaving group nucleophile 


C. I + НО: OH + HI 


Го. + на! 


leaving group nucleophile 


d. Cre * icd 


nucleophile 


leaving group 
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Br 
e. Cy | а b 


leaving group nucleophile 


OCH; 
O + NaBr 


CH; 


Е 
f. poe + CH3SCHg posu eH + С! 


leaving group nucleophile 


7.51 A good leaving group is a weak base. 


a. E с. © е.  CHgCHANH, | 
| 


bad leaving group This has only C-C А 
"ОН is а strong base. апа C-H bonds. ee eee а 
No good leaving group. 2 9 i 


6 
b. CHSCH;CH;CH, (CI) d. cy 


CI good leaving group 
weak base 


f. сњењењ- | 
| 


good leaving group I good leaving group 
H20 is a weak base. weak base 


7.52, Use the rules from Answer 7.12. 


a. increasing leaving group ability: -NH < "OH < F= 


c. increasing leaving group ability: СГ < Br < I 
most basic least basic most basic least basic 
worstleaving best leaving worst leaving best leaving 
group group 


group group 


b. increasing leaving group ability: -МН, < "OH < НО d. increasing leaving group ability: NH3 < H20 < H5S 


| | 


most basic least basic 


most basic least basic 
worst leaving best leaving worst leaving best leaving 
group group group group 


7.53 Compare the nucleophile and the leaving group in each reaction. The reaction will occur if it 


proceeds towards the weaker base. Remember that the stronger the acid (lower pK;), the weaker 
the conjugate base. 


NH; I _ 
а. O + ГЭУ or + м Reaction will not occur. 


weaker base stronger base 
pK, (HI) = –10 pK, (NH3) = 38 
b. СНзСН>Г + СНО E СНзСНОСНз + т. 


Reaction will occur. 


stronger base weaker base 
pK, (СНзОН) = 15.5 pk, (HI) = -10 
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Go И + d x NF + E Reaction will not occur. 
weaker base stronger base 
pK, (HF) = 3.2 pK, (НО) = 15.7 


do wA SUE а 1X- “~~! + см | Reaction will not occur. 
! 


weaker base stronger base 
pK, (HI) = -10 pK, (НСМ) = 9.1 


mi 
A 
SCH; SCH; replaces Br. č Се СЕССН. replaces Br. 
a. on "SCH; is needed. СНз ~C=CCH, is needed. 
on E 


7.54 


= 
N(CHs)3 N(CH); replaces Вг. 
N(CH3); is needed. 


OCH(CH3) OCH(CH3)e replaces Вг. 
7"OCH(CH3); needed. 


7.55 Use the directions in Answer 7.16. 


а. Across a row of the periodic table d. Compare the nucleophilicity of N, S, and O. 
nucleophilicity decreases. In a polar aprotic solvent (acetone), 
-OH < -NH, < СН;- nucleophilicity parallels basicity. 
РАДЕ CH3SH < СНзОН < CH3NH 
b. » па polar protic solvent (CH43OH), nucleophilicity puso ed 
increases down a column of the periodic table, e. Ina polar aprotic solvent (acetone), 
во: -SH is more nucleophilic than -OH. nucleophilicity parallels basicity. Across a row 


and down a column of the periodic table 


» Negatively charged species are more nucleophilicity decreases. 


nucleophilic than neutral species so "ОН 


is more nucleophilic than НО. Cl « F- < "OH 
H20 < -OH < -SH f. Nucleophilicity decreases across a row so 
c. *In a polar protic solvent (CH4OH), nucleophilicity -SH is more nucleophilic than СГ. 
increases down a column of the periodic table, In a polar protic solvent (CH3OH), 
so: СНзСН»$- is more nucleophilic than СНзСН»О-. nucleophilicity increases down a column so CI 
* For two species with the same attacking atom, the more is more nucleophilic than F~. 
basic is the more nucleophilic so CH3CH2O7 is more Р- < СГ «-SH 


nucleophilic than СНзСОО-. 
CH4COO- < CH3CH;07 < CH,CH,S- 
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7.56 Polar protic solvents are capable of hydrogen bonding, and therefore must contain a H bonded to 
an electronegative O or N. Polar aprotic solvents are incapable of hydrogen bonding, and 
therefore do not contain any O-H or N-H bonds. 


a. (СНз)>СНОН c. СНС e. N(CH3) 
contains О-Н bond no O-H or N-H bond no O-H or N-H bond 
protic aprotic aprotic 
b. СНаМО; d. NH3 f. НСОМН; 
по O-H or N-H bond contains М-Н bond contains an N-H bond 
aprotic protic protic 
7.57 
О: ат Or 
г. ss x s GH „+ .. CH 
T dd" об ону AT TRO 3 CH occ ae 3 
H H H H H H 
The amine N is more The amide N is less nucleophilic 
nucleophilic since the electron since the electron pair is 
pair is localized on the N. delocalized by resonance. 
7.58 
1° alkyl halide 
512 reaction 
a. Mechanism: Pp Bt Е с с м СМ + Br 
"ix acetone 


b. Energy diagram: 
c. Transition state: 


Reaction coordinate 


d. Rate equation: one step reaction with both nucleophile and alkyl halide in the only step: 
rate = K[R-Br]| CN] 
e. [1] The leaving group is changed from Br to Г: 
Leaving group becomes less basic — a better leaving group — faster reaction. 
[2] The solvent is changed from acetone to СНАСЊОН: 
Solvent changed to polar protic — decreases reaction rate. 
[3] The alkyl halide is changed from CH4(CH2)4Br to CH3CH2CH2CH(Br)CH3: 
Changed from 1? to 2? alkyl halide — the alkyl halide gets more crowded and the reaction 
rate decreases. 
[4] The concentration of "CN is increased by a factor of 5. 
Reaction rate will increase by a factor of 5. 
[5] The concentration of both the alkyl halide and "CN are increased by a factor of 5: 
Reaction rate will increase by a factor of 25 (5 x 5 = 25). 
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7.59 Use the directions for Answer 7.25. 


a. ML. A X. po 


3? alkyl halide 2° alkyl halide 1? alkyl halide 
least reactive intermediate most reactive 
reactivity 


(C^ Qn oO 


3° alkyl halide 2° alkyl halide 1° alkyl halide 


least reactive intermediate most reactive 
reactivity 
с. у Тхе Br ла “И ш 
Вг 
vinyl halide 2? alkyl halide 1? alkyl halide 
least reactive intermediate 


ed most reactive 
reactivity 


7.60 
better leaving group 


а. CH3;CH,Br + OH  ——— faster reaction 
CH4CH;CI + OH —— 


stronger nucleophile 
b мВ + OH —— faster reaction 


PON + HO —— 
stronger nucleophile 


б ^ Cl + Маон faster reaction 


Уа +  NaOCOCH, 


I + = ne <r 
d. MO OCH; CH30H 


КИ + 00H DMSO faster reaction 
polar aprotic 
solvent 


less steric hindrance 


е. в 


faster reaction 
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7.61 АП S,2 reactions proceed with backside attack of the 


Edition 


nucleophile. When nucleophilic attack 


Occurs at a stereogenic center, inversion of configuration occurs. 


inversion of configuration 


OCH;CHs | ог 


No bond to the stereogenic center is broken, 
since the leaving group is not bonded to 
the stereogenic center. 


" i 
a. u^ o + ОСН А. + Cl 
he ee! + Сон ой 
c. HET + "осњењ ск 
H н 
d. 


| = + CN "E + Br 


[* denotes a stereogenic center] 


7.62 Follow the definitions from Answer 7.30. 


+ + 
а. CH3CH5CHCH2CH5 C. (CH3);CHCH5CH5 


1? carbocation 


CH CH, 
joi 


3? carbocation 


2? carbocation 


3? carbocation 


© inversion of configuration 


Zo 


7 
2° carbocation 


до 
| 
CH2 


1° carbocation 


7.63 For carbocations: Increasing number of R groups = Increasing stability. 


Oe Cf Cm 


a. тн 
1° carbocation 2? carbocation 3? carbocation 1? carbocation 2° carbocation 3° carbocation 
least stable intermediate most stable least stable intermediate most stable 
stablity stablity 
7.64 
"S 
Cl H н |н H H H H 
_ 81 | 1. ues. ^ | | + | 
"а –с–с+ H-C-C* н-с-0-6* = -  H-C-0Q-C 
СІН H JH н н н н 
3 CI Qroups — _ methyl group resonance stabilized 
electron-withdrawing without added Cl's most stable 
destabilizing more stable 


least stable 
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7.65 
CH; Step [1] EH = Step [2] Сн» 


: | 
a. Mechanism: Снз-С-Он;ОН3 + H20 © 356-CH;CH; + HO CHs-C—-CH;CHs 
Нз 


541 only Gy] "ОН; 
А В г + 
[e 
b. Energy diagram: 
> 
о 
Ф 
CU. Бааны РА со ОВ UN E Ee e 
ш АН?» 
-= АН? overall = О 
А СНз C CH3 
CH3- C- CH2CHs СНз= C - CH?CHs 
1 | 
I * OH, 
Reaction coordinate 
c. Transition states: CHa 5* + сна. òt t 
;С-СН»СНз 2С CH2CH3 
3! 3! 
Ба“ :OH2 
6t 


d. rate equation: rate = k[(CH3),CICH,CH3] 


e. [1] Leaving group changed from Г to СГ: rate decreases since Г is a better leaving group. 
[2] Solvent changed from H2O (polar protic) to DMF (polar aprotic): 
rate decreases since polar protic solvent favors Sy1. 
[3] Alkyl halide changed from 3° to 2°: rate decreases since 2° carbocations are less stable. 
[4] [H20] increased by factor of five: no change in rate since НО is not in rate equation. 
[5] [R-X] апа [H20] increased by factor of five: rate increases by a factor of five. (Only the concentration of 
R-X affects the rate.) 


7.66 The rate of an $1 reaction increases with increasing alkyl substitution. 


Br Br Br 
1° alkyl halide Pa 
а: least reactive | | 


2? alkyl halide 3? alkyl halide 
intermediate most reactive 
reactivity 
b. Br Br 
OIN Q CR 
| Вг 
ны 2° аку halide 3° alkyl halide 
intermediate most reactive 
reactivity 
Br Br 
- CX CK COR 
aryl halide 2? alkyl halide 3° alkyl halide 
least reactive intermediate most reactive 


reactivity 
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7.67 The rate of an Syl reaction increases with increasing alkyl substitution, polar protic solvents, and 


a. 


b. PN +  CH34OH 
pu + СНОН 


(СНз): СС + НО — 


better leaving groups. 


CI 
aryl halide 


slower reaction 


(CH3)3CI + НО —— better leaving group 


faster reaction Cl + HO 2° halide 
E faster 5,1 reaction 


3? halide 
faster 541 reaction 


CH4CH,OH ——— ——— polar protic solvent 
27 27 СНАСЊОН faster reaction 


+ 


1? halide 
slower Sy1 reaction 


CH3CH4,OH olar aprotic solvent 


slower reaction 


+ 


омзо P 


CHCH, в NL 
- «3 ~ 
а. Br—C + HO HO— c^ “оон + HBr 
Te CH3 = CH3 
b dé + CHOH — в + на! 
CH3CHz CI CHCH; "OCHs 


OCH,CH3 , CH$;CH;O, 
E T у; + НВг 
OH 


„Вг 
e P + СНУСН»ОН 


о. 


7.69 The 1? alkyl halide is also allylic, so it forms а resonance-stabilized carbocation. Increasing the 


stability of the carbocation by resonance, increases the rate of the 5,1 reaction. 


CH4OH 


CH4CH5CH5CH-— CHCH;O0CH;4 t CH4CH5CH5CHCH - CH; + HBr 
Осн» 
сњењењен=сноњ, —= CHCH,CH,CH=CH—CH, === CH,CH,CH,CH-CH-CH, + ВР 
es + 
Br > 


CH4CH5CH5CH- CHCH?Br 


resonance-stabilized carbocation 


Use each resonance structure individually to continue the mechanism: 
Y 7 
а CHH —— - сн.сньсньсн= CHCHs —-- CH,CH;CH,CH- CHCH,OCH, + HBr 
нр ТОСЕ» 
:Вг: 
CH3CH>CH>CH— CH=CH, —— CH,CH;CH;CH— CH=CH, — CH3CH;CH;CHCH- CH, + HBr 
cy осн :ОСНа 


CH,ÓH Br 
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7.70 
- bu 
Rd E К, N _ 
а. а + CN CN + Br 
1? alkyl halide acetone 
$м2 only 
b. Е SS И. 
Ay * 99% “DMSO 2 + Br reaction at a stereogenic center 
ien [ i ion of configuration 
i Н ОСН; inversion o g 
а lar aprotic Poeni 
RUSSES Both favor Sy2. 
OCH 
с. j Br + CH34OH Ж: 3 + HBr 
"CHSCHSCHs 'CH2CH2CHs 
3? alkyl halide 
541 only 


C. Cu, “С 
а. e "n + CH4COOH P '""QOCCH + CH4COO''. M + 
i н Xoh, | 3 of, H reaction at a stereogenic center 


. racemization of product 
2? alkyl halide Weak nucleophile 


$м1 and Sy2 favors Sy1. 


e. +  ОСН>СНЗ + Br reaction ata stereogenic center 
Br DME '""OCH;CHs inversion of configuration 


2° alkyl halide strong nucleophile 
Sy1 and Sy2 polar aprotic solvent 


Both favor Sy2. 
АОСЊСН 
í. 9 a OEC Осан p eR two products — diastereomers 
dr * + HCI Nucleophile attacks 
from above and below. 


2° alkyl halide Weak nucleophile 
541 and Sy2 favors Sy1. 


7.71 
H CN (axial) 


a. сњо 7 7а ерге оне 7—9 inversion (equatorial їо axial) 
H | | H 


polar aprotic solvent 
Sy2 reaction Large tert-butyl group in 
more roomy equatorial 
position. 
Br (axial) | | 
2 inversion (axial to equatorial) 
(CH34C CN (eq) 


b. (Снз)зС acetone 


polar aprotic solvent 
512 reaction 
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7.72 
:вг: 


7 
“OPO, 
| :OCH;CH;N(CH3)2 


„ Y [1] NatH: ru | 
(CHg)zNCHsCH,O—H (CHg)eNCH;CH,Ó: + Nat - ( 279 ) коз 
V + Ho | 
H 
diphenhydramine 


7.73 First decide whether the reaction will proceed via an S41 or 5,2 mechanism (Answer 7.40), and 
then draw the mechanism. 


н BE 
Се, А * OCH;CHs 
Ce СЕ CH,CH,OH убсњењ + Фе 
| H 
3? alkyl halide can attack from ) 
541 only above or below rs | 


Br 
9 
eG. га QX + HBr 


7.74 
nucleophile 
би `\ оог i 
ОН — N t Br. 
О 
"Br «Вг 
| C7H1002 
leaving group 
7.75 
Br H MEN c Br Н 
N м2 Б ~ N. " 
| CH3 CO3 T | сЕ СНз Su Мн co Б 
Z Br 2 _— CH 3 
N N 2 3 


nicotine 


T NaHCO; + NaBr 
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7.76 
a. Hexane is nonpolar and therefore few nucleophiles will dissolve in it. 
b. (CH3)3CO™ is a stronger base than CH43CH5O : 


| 


The three electron-donating CH, groups add electron density to the negative charge of the 
conjugate base, destabilizing it and making it a stronger base. 
с. By the Hammond postulate, the $51 reaction is faster with RX that form more stable carbocations. 


(CHg)3C + (СНз)>С + 
СЕз` Although this carbocation is also 3°, 
3? Carbocation is stabilized by the three electron-withdrawing F atoms 
three electron-donor CH3 groups. destabilize the positive charge. Since 


the carbocation is less stable, the 
reaction to form it is slower. 


d. The identity of the nucleophile does not affect the rate of 5,1 reactions since the nucleophile does 
not appear in the rate-determining step. 
Polar aprotic solvent 


S favors Sy2 reaction. 
2° alkyl halide Н.В" H, „Вг " 
С ~ + Br 
511 ог 512 eS ГЕ acetone A 
(2R)-2-bromobutane! 
optically active — Strong nucleophile 
favors Sy2 reaction. 
This compound reacts with Во until a 50:50 mixture results, making the mixture optically inactive. 
Then either compound can react with Br and the mixture remains optically inactive. 
7.77 
3 Кы ~ 
eo + 
.. М В .. М +H .. М eH 
o ves + СНамн; СЫ бр + CH3NH, 
CH3 CH3 


| Е < (Qr 
N: CN-CH. + CHgNHg -— Pa ме + 201: 
f eu 


| 
188 | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 7—30 


7.78 In the first reaction, substitution occurs at the stereogenic center. Since an achiral, planar 
carbocation is formed, the nucleophile can attack from either side, thus generating a racemic 


mixture. 


3? alkyl halide bd 44 
| CMÓH ~ two steps х OCH; 
ie S. УСС 
I d | Е 
(6R)-6-bromo-2,6-dimethylnonane + Br а ак 


achiral, 
planar carbocation racemic mixture 
optically inactive 


In the second reaction, the starting material contains a stereogenic center, but the nucleophile does 
not attack at that carbon. Since a bond to the stereogenic center is not broken, the configuration is 


retained and a chiral product is formed. 


= 3° alkyl halide configuration 
Б OCHs / retained 
У CH4OH -—— two steps 
+ Br 
Reaction does not occur at optically active 
(5R)-2-bromo-2,5-dimethylnonane the stereogenic center. 
7.79 
The nucleophile has replaced the leaving group. 
a. Poa pur! Missing reagent: 
lundi: O 
0 
a С) pn The nucleophile has replaced the leaving group. 
b. Missing reagent: _ 
45579 СЕСН 
№ The nucleophile has replaced the halide. 
©: Nz Starting material: | с! 
SH The nucleophile has replaced the halide 
d -SH Starting material: 
E “СІ The leaving group must have the opposite 
orientation to the position of the 
nucleophile in the product. 


7.80 To devise a synthesis, look for the carbon framework and the functional group in the product. The 
carbon framework is from the alkyl halide and the functional group is from the nucleophile. 


ü. puru Ana Na’ “SH AAS 


\ functional 


carbon group 
framework 


b. ролу с 


| functional 
carbon group 
framework 


с. СНзСН»СМ 


functional 


РА group 


framework 


Е 


| 


carbon 
framework or 


оч. 
functional 
group 


onn 


arbon 
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CH3CH4CN 


PN чч 


| ( Y Na* О „ч. оч. 


2? halide 


I 


| Cl. ч. 
1? halide 


functional E 


group 


€. | CHCH OCOCHs 
functional 
group 


carbon 
framework 


t OCOCH 
снења № B 


О ма" 


Ty 


CH3CH;0COCHs 


This path is preferred. 
The strong nucleophile favors 


an Sy2 reaction so an unhindered 


1? alkyl halide reacts faster. 


7.81 Work backwards to determine the alkyl chloride needed to prepare benzalkonium chloride A. 


a. { JONCH + . CHs(CH3),7Cl 


D. CH&(CH5)44N(CH3), 
C 


7.82 


Ек Na* ceu. 


very "o 3? po 


Ce a St 


CH,Cl 


3 


CH 
)CHs 


du 
| 
p 


a 
C 2-95 


СНз 


+] 
CH2—N— (CH27CHs Cr 


CH3 
A 


CHs 
—(СН;)17СНза Cr 
CH, 
A 


preferred method 


The strong nucleophile favors Sy2 
reaction so the alkyl halide should 


be unhindered for a faster reaction. 


me methyl halide 
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7.83 
CH3(CH5);CH5Br = 
н_сес-н МН. нос „2 ©1708 снисњусн,оесн N84. сниснасњс=б + He 
A B 
t H2 CH34(CH5)41CH2Br 
DNE addition of Hp 
pS. CH3(CHs)7CH2C  CCH2(CH3)41CHs 
CHg(CHp)7CHp ^ CH (CH) «СНз (1 equiv) D 
muscalure 
7.84 
" 1] Na*H: 4 2] СНз—Вг: " 
" YO 0 [1] a pf Su МОЕ [2] 9E. QUSE SP SPP + Na* Br 
(Chapter 9) + Hp 
Е [1] Nat: Мн, m [2] pus Е 
b. CH$CH,CH; с=с-н = СНСН»СН»-СЕС: - CH4CH;CH,-CEC-CH,CH, + Nat Br 
(Chapter 11) + NH3 
[1] Nat ТОСНСНа — [2] cH, ch Ви 
c. H CH(CO2CH2CHs)2 n :CH(CO2CH2CH3)2 ы СвьН5СН»— СН(СОСНСНз) 
(Chapter 23) + Nat Br 
+ CH3CH20H 
7.85 
quinuclidine triethylamine 


This electron pair is more hindered 


The three alkyl groups are "tied back" С P" d by the three CHCH; groups. 
£s с 


in a ring, making the electron pair N These bulky groups around the N 
cause steric hindrance and this 
decreases nucleophilicity. 


more available. 
This electron pair on quinuclidine is much more available than the one on triethylamine. 


less steric hindrance 
more nucleophilic 


7.86 


base 


base 


co 
base оно ИД, 


base 
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О t 
3° alkyl halide 
harder reaction 


G Юг 
POS B 
mS ' 


3? alkyl halide 
harder reaction 


CH, 


+ 


major product 


intramolecular 
Sn2 


intramolecular 


intramolecular 
Sn2 


intramolecular 
Sn2 


(СНз)зС 


(СНз)зС 


(СНз)зС 


(СНз)зС 


МаВг 


LLLA 
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7.88 


3 
Cl bonded to sê С ___ ~ Cl bonded to sp? C 


:Cl С: -— no resonance stabilization possible 
cannot undergo 541. t с | 
go Su CLI for the carbocation formed here 
07 “Cl: Cl bonded to sp? C 
Resonance-stabilized carbocation forms. 


best for Sy1 


| 


Cl С: — Јо Cl: :Cl Cl: 
зч А 
> ; A " GE 
XX (1 equiv) ISP С 8 
Ј 


| re-draw 


ni б: Cl Cl: 


ule ` —— РИ jen 
О CH30H O^ 70-CHs 
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Chapter 8: Alkyl Halides and Elimination Reactions 


$ А comparison between nucleophilic substitution and f-elimination 


Nucleophilic substitution—A nucleophile attacks a carbon atom (7.6). 


- —С-С— + X 
| x2 | | | ood 
substitution leaving group 
product 


p-Elimination—A base attacks a proton (8.1). 


BÍ ^ч 
ex - ved + ete xc 
| х2 / \ good 
elimination leaving group 
product 
Similarities Differences 
¢ In both reactions RX acts as ап • In substitution, a nucleophile attacks а 
electrophile, reacting with an electron-rich single carbon atom. 
reagent. • In elimination, a Bronsted—Lowry base 
* Both reactions require a good leaving removes a proton to form a x bond, and 
group X: willing to accept the electron two carbons are involved in the reaction. 
density in the С-Х bond. 


% The importance of the base in E2 and E1 reactions (8.9) 


The strength of the base determines the mechanism of elimination. 
* Strong bases favor E2 reactions. 
e Weak bases favor ЕІ reactions. 


strong base 
OH 


\ 
C=CH = 
E2 / 2 t H2O + Вг 


СНз CH3 N 


CHs—-C-CH; — 
Br CH 
H20 У " Е 
| + HO + Br 
weak base СНз 
E1 


same product 
ЗА different mechanism 
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ФЕ! and E2 mechanisms compared 


E2 mechanism E1 mechanism 
[1] Mechanism * one step (8.4B) * two steps (8.6B) 
[2] Alkyl halide * rate: RSCX > R2CHX > e rate: RCX > R2CHX > 
ВСНХ (8.4C) ВСНХ (8.6C) 
[3] Rate equation e rate = k[RX][B:] * rate = ЕХ] 


e second-order kinetics (8.4A) • first-order kinetics (8.6A) 


[4] Stereochemistry • anti periplanar arrangement  * trigonal planar carbocation 


of H and X (8.8) intermediate (8.6B) 

[5] Base * favored by strong bases * favored by weak bases 
(8.4B) (8.6C) 

[6] Leaving group * better leaving group — * better leaving group > 
faster reaction (8.4B) faster reaction (Table 8.4) 

[7] Solvent * favored by polar aprotic * favored by polar protic 
solvents (8.4B) solvents (Table 8.4) 

[8] Product * more substituted alkene * more substituted alkene 
favored (Zaitsev rule, 8.5) favored (Zaitsev rule, 8.6C) 


Ф Summary chart on the four mechanisms: Syl, 52, El, or E2 


Alkyl halide type Conditions Mechanism 

1° ВСН2Х strong nucleophile Sy2 
strong bulky base E2 

2? R;CHX strong base and nucleophile 542 + E2 
strong bulky Базе E2 

weak base and nucleophile Snl + E1 

3° RCX weak base and nucleophile 51 El 
strong base E2 


* Zaitsev rule 


e  p-Elimination affords the more stable product having the more substituted double bond. 
e Zaitsev products predominate in E2 reactions except when a cyclohexane ring prevents trans diaxial 
arrangement. 
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Chapter 8: Answers to Problems 


8.1 * The carbon bonded to the leaving group is the а carbon. Any carbon bonded to it is a f 


carbon. 
* To draw the products of an elimination reaction: Remove the leaving group from the a 


carbon and a H from the В carbon and form a x bond. 


В а p 
K*-OC(CH 
a. CHsCH,CH,CH,CH,—cl К 99693 _ o Gu CH CH=CH, 


b By a K* -OC(CH3)s 
COD (CHaCHj))C—CH, + CH&CH-C(CH3)CH;CHs 


By = В, А 
с. (Y K* "OC(CH3)s CY Г CY 
By 


8.2 Alkenes are classified by the number of carbon atoms bonded to the double bond. A 
monosubstituted alkene has one carbon atom bonded to the double bond, a disubstituted alkene has 


two carbon atoms bonded to the double bond, etc. 


4 C's bonded to С=С 2 C's bonded to each C=C 


pr" d disubstituted 


a. b. 
3 C's bonded to each С=С маши; 
vitamin A trisubstituted 
3 C's bonded to each С=С 
CH; trisubstituted 
| 7 —— 2 C's bonded to the C=C 
HO" disubstituted 


8.3 To have stereoisomers at a С=С, the two groups on each end of the double bond must be different 
from each other. 


two different groups two different groups two different groups two different groups 


(СН-СНЬ and Н) (H and CH3) (cyclohexyl and H) (cyclohexyl and H) 
did 5 b. CH,CH;CH-CHCH; с. ( убњен Y 
two СНз groups stereoisomers possible stereoisomers possible 


no stereoisomers 
possible 
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8.4 Two definitions: 
* Constitutional isomers differ in the connectivity of the atoms. 
* Stereoisomers differ only in the 3-D arrangement of atoms in space. 


CH3CH» Jets ad. P. 
EN 
a. ASS аа ZA с. с=с апа с=с 
H H СНз 
different connectivity of atoms cis trans 
constitutional isomers different arrangement of atoms in space 
stereoisomers 
b AAT M and Pap КЕ d СН»СН» n СНзСНЬ js 
| C=C and с=с 
trans trans / N / N 
СНз H H H 
identical 


different connectivity of atoms 
constitutional isomers 


8.5 Two rules to predict the relative stability of alkenes: 
[1] Trans alkenes are generally more stable than cis alkenes. 
[2] The stability of an alkene increases as the number of R groups on the C-C increases. 


a. pue. о qe ы 
. . . CH3 CH3 
monosubstituted disubstituted 
more stable с. or 
CH.CH CH.CH H trisubstituted disubstituted 
РАВНА pene b «у more stable 
Logs or PO 
H H H CH2CH3 
cis trans 
more stable 


8.6 Use the rules from Answer 8.5 to explain the energy differences. 


~ HM xx | 


cis-2-butene trans-2-butene cis-2,2,5,5-tetramethyl-3-hexene trans-2,2,5,5-tetramethyl-3-hexene 


less steric interaction between more steric interaction between larger 
smaller CH3 groups tert-butyl groups in the cis isomer 
smaller energy difference larger difference in stability 
8.7 
| | | 
А в 


Alkene А is more stable than alkene B because the double bond in A is ша six-membered ring. 


The double bond in B is in a four-membered ring, which has considerable angle strain due to the 
small ring size. 
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8.8 In an E2 mechanism, four bonds are involved in the single step. Use curved arrows to show these 
simultaneous actions: 


[1] The base attacks a hydrogen on a В carbon. 
[2] A x bond forms. 


[3] The leaving group comes off. 


(^ — OCH;CHs 


CHCH, н " transition E t 
(ШЕ; 2 96 
D ME dM (CHgCH,),C=CHCH, + HOCH;CH, + Br- CHCH; № ОСНгСНз 
Ё NA 
Br CHCH - C—— CHCH 
В carbon new л bond 3 г 3 
= Br: 


8.9 For E2 elimination to occur there must be at least one hydrogen on а В carbon. 


В carbon 
НӨ К 
CHs~C—C-H 
СНз Вг 
8.10 In both cases, the rate of elimination decreases. 


no H's on f carbon 
inert to E2 elimination 


stronger base better leaving group 
faster reaction faster reaction 
і 
а. CH4CH;-Br +  OC(CHgs$ — b. СНзСН»-Вг + ТОС(СНз)з —- 
CH3CH; —Br + ^ OH — CH3CH; - CI * ^ OC(CH3)s — 


8.11 As the number of R groups on the carbon with the leaving group increases, the rate of an E2 
reaction increases. 


a. (CH3)2CHCH2CH2CH2Br (CH3)2CHCH2CH(Br)CH3 (CH3)2C(Br)CH2CH2CH3 
1° alkyl halide 2° alkyl halide 3? alkyl halide 
least reactive intermediate reactivity most reactive 

CH 
а! в 
" СҮ on 
Cl СНз 
1? alkyl halide 2? alkyl halide 3? alkyl halide 


least reactive intermediate reactivity most reactive 


8.12 Use the following characteristics of an E2 reaction to answer the questions: 
[1] E2 reactions are second order and one step. 
[2] More substituted halides react faster. 
[3] Reactions with strong bases or better leaving groups are faster. 
[4] Reactions with polar aprotic solvents are faster. 


| 
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Rate equation: rate = k[RX] [Base] 

a. tripling the concentration of the alkyl halide — rate triples 

b. halving the concentration of the base = rate halved 

c. changing the solvent from CH3OH to DMSO = rate increases (Polar aprotic solvent is better 
for E2.) 

d. changing the leaving group from Г to Вг = rate decreases (І is a better leaving group.) 

e. changing the base from “OH to H20 = rate decreases (weaker base) 

f. changing the alkyl halide from CH3CH2Br to (CH3);CHBr = rate increases (More substituted 
halide reacts faster.) 


8.13 The Zaitsev rule states: In a §-elimination reaction, the major product has the more substituted 


double bond. 
Онан 
а 
а. CH3—C—C—CHsCH3 — SA (CH3)2C — СНСН,СНз + (CH3)>CHCH=CHCH3 
нов, loss of H and Br trisubstituted disubstituted 
major product minor product 
СНз CH; СНз СН» 
Br 
b. loss of H and Br bi = 
CH3 CH3 CH CH3 
trisubstituted tetrasubstituted disubstituted 
minor product major product minor product 
CI 
к < + CH3CH;CH;CH;CH-CHCH 
c. во loss of H and CI Dà ni i а. 
monosubstituted disubstituted 
minor product major product 
CH3 CH3 
CI 
trisubstituted 
a CH3 loss of H and CI CH, ONLY product 
СНз CH3 


8.14 An El mechanism has two steps: 
[1] The leaving group comes off, creating a carbocation. 
[2] A base pulls off a proton from a carbon, and a x bond forms. 


T3 [1] juo [2] 
ER .. A + 
CHa—G—CHeCHs + CHÓH — CHs- C. CH-CH; СНзОН + Cl — —- (CHg)jC-CHCHs + CH3OH> + СГ 
с> H 
transition state [1]: CHa t transition state [2]: CHa t 
Cle oe CHCH С шы. 
Cl TE H- "S ОСНа 
H 
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8.15 The Zaitsev rule states: In a p-elimination reaction, the major product has the more substituted 
double bond. 


Bo 
p, № сњ снн, 
а. СН»СН„— c- CH2CH3 + НО с С=СНСНз + С=СНЬ» 
с P CH3CH> CH3CH» 
trisubstituted disubstituted 
major product 
ви. CHeCH2CHg CH;CH;CHs CHCH;CH3 CHCH;CH3 
NY 
CH3 
b oN, + CHOH CH + CH? + СНз 
І 2 
Ёз tetrasubstituted disubstituted trisubstituted 


major product 


8.16 Use the following characteristics of an E1 reaction to answer the questions: 
[1] Е! reactions are first order and two steps. 
[2] More substituted halides react faster. 

[3] Weaker bases are preferred. 

[4] Reactions with better leaving groups are faster. 

[5] Reactions in polar protic solvents are faster. 


Rate equation: rate = ЕХ]. The base doesn't affect rate. 
а. doubling the concentration of the alkyl halide = rate doubles 
b. doubling the concentration of the base — no change (Base is not in the rate equation.) 
c. changing the alkyl halide Кот (CH3);CBr to СНзСН›СН»Вг = rate decreases (More substituted 
halides react faster.) 
d. changing the leaving group from CT to Вг = rate increases (better leaving group) 
e. changing the solvent from DMSO to CHOH = rate increases (Polar protic solvent favors E1.) 


8.17 Both 5,1 and El reactions occur by forming a carbocation. To draw the products: 
[1] For the S,1 reaction, substitute the nucleophile for the leaving group. 


[2] For the E1 reaction, remove a proton from a В carbon and create а new л bond. 


CH CH 
3 3 й СНз 
Вг im 
a. | + a 
leaving 
group 541 product 
"— м’ P | "— 
CHs сн CH3 CH3 
b. СЊ— ç- CH;CH,CH4 + CH3CH2OH CH3- c- CH2CH2CH3 + \C=CH, + \C=CHCH,CH, 
а | OCH;CH; CH3CH2CH2 CH3 
nucleophile | 
isaving and base 5,1 product E1 products 


group 
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8.18 E2 reactions occur with anti periplanar geometry. The anti periplanar arrangement uses a 
staggered conformation and has the Н and X on opposite sides of the C-C bond. 


E T 

но: A С^" CH, H 
CHg'4 ~ — pase. ^ C=C 

cH, B CH, н 


H and Br are on opposite sides = 
anti periplanar 


8.19 The E2 elimination reactions will occur in the anti periplanar orientation as drawn. To draw the 
product of elimination, maintain the orientation of the remaining groups around the C=C. 


CHCH: ~ 
H 
И C.H CH3 „Св The two benzene rings remain оп 
oS Aer C=C я ~ 
а. СеН5” `Сзң EL DO opposite sides of the newly formed 
CBr Сене H C=C. This makes them trans. 


The two benzene rings are 
anti in this conformation (one 
wedge, one dash). 


diastereomers 


CHsCH.O ~ 
H 
| 
pi Сана C]... C Hs ____. Сен" „Сењ The two benzene rings remain 
СНз А 7H Bis Ан on the same side of the newly formed 
Br 3 C-C. This makes them cis. 


The two benzene rings are gauche 
in this conformation 
(both drawn on dashes, behind the plane). 


8.20 Note: The Zaitsev products predominate in E2 elimination except when substituents on a 
cyclohexane ring prevent a trans diaxial arrangement of H and X. 


axial H's 


,'CH(CH3)a iwo СНз " 
а: Г) conformations, CH, HOHH) He Т 


» T 
d ~ Lr s A CHCH 

A B (CH3)2 
Use this conformation. 


It has С! axial and 
two axial H's. 
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P H(CH3) 
a (CH ES 
eH HCH(CHg ОН. qp 92 + xí 
H 
H | ©! Ра of Н(В2) + СП d of H(Bi) + CI] 
2 
A | re- -draw | re- -draw 
two different axial H's „СН(СН H(CH)> 
Т poe 


major product 


H 
„5 СН(СНз)> two H 
b. LX „conformations cH, ООО Oha сте 
CH CI 
е А n СН(СН.)> 


Use this conformation. 
It has Cl axial and 


CH; Bo CH, one axial H. 
С | Е ww CH(CH3)2 
нң н о ERA _ pb 
Ж. i СН(СНз)г Н Н снн), CH3 
: [loss of H(4) + CI] disubstituted 


only one axial H 


on a В carbon only product 


8.21 Draw the chair conformations of cis-1-chloro-2-methylcyclohexane and its trans isomer. For E2 
elimination reactions to occur, there must be a H and X trans diaxial to each other. 


Two conformations of the cis isomer: Two conformations of the trans isomer: 


а Сн; H а 
Choj H H Bs 
н = Hoj Hoa =— C/H 

H CH H 
H H H Сн» 


reacting conformation (axial CI) 


reacting conformation (axial CI) 


This reacting conformation has only one This conformation is less stable than A, 
group axial, making it more stable and since both СНз and Cl are axial. 
present in a higher concentration than B. This slows the rate of elimination 
This makes a faster elimination reaction from the trans isomer. 


with the cis isomer. 
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8.22 E2 reactions are favored by strong negatively charged bases and occur with 1?, 2?, and 3? 
halides, with 3? being the most reactive. 
E1 reactions are favored by weaker neutral bases and do not occur with 1? halides since they 
would have to form highly unstable carbocations. 


сна C(CH3)s 
а. CH&-C-CH& + Осн; — с. Б. рон 
| 3 > 
Cl strong negatively weak neutral 
charged base base 
E2 E1 


I 
ш CT M co d. CH,CHjBr + -OO(CHgs —- 
weak neutral 


base strong negatively 


charged base 
E1 E2 
8.23 Draw the alkynes that result from removal of two equivalents of HX. 
ÇI Cl _ Br = 
NH 
a. { )—©-6-оңон, 2 C=C-—CH,CH, с. СНз-С-СНЬСНз CH3;C=CCH3 
H H Br 


+ HC=CCH,CHs 


Br 
KOC(CHs)3 Q NH 
b. СНзСН»СН»СНСЬ CH3CHsC=CH d. 5 с=с 
DMSO © = 


Br 
8.24 
K* -OC(CH 
a. ИУ ( as ОСМИ 
1? halide strong bulky base 
512 ог E2 E2 
Й он T 
b. CHs-C-CHCHs CH;-C-CH;CH; +  CH,-CH-CHCH, +  CH,-CH-CH;CH; 
CI 
strong base OH 
2? halide 52 Ба Е2 512 ргодис! disubstituted monosubstituted 
any mechanism N major E2 product minor E2 product 
СН2СНЬ CH;CHs CHCH, CHCH; 
с. on CH4CH,OH [ee СТ CY 
ст + + 
weak base 
3° halide $м1 and E1 Sy1 product E1 product E1 product 


no Sy2 
strong base 
4 aa 4 CH3CH20 | cin d + Ce 
Cl — CHsCH,0H 
3? halide E2 major E2 product minor E2 product 
по Sy2 


8.25 
3? halide weak base 
по Sy2 51 and E1 
СНз 


ur i CH30H 


CH3 overall 
reaction 


The steps: | 
m CH3 zá 
dou. 
CH3 


E1 
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8.26 
а. CH3CH2CH;CH5CH2;CH3Br СНаСН»СН>СН>СНЕ CH; 
Br 
b. "PP CH3CH2CH2CH5CH-— CHCH2CH5 + CH3CH2CH2CH2CHCH=CHCH3 
CH3 


| 
С. СНАСН;СНСНСНа CH4CH5CH-7 C(CH3)o * CH3CH=CHCH(CH3)o 


co — o” 


8.27 To give only one product in an elimination reaction, the starting alkyl halide must have only one 
type of В carbon with H's. 


Е а В В а. „С! 
a. CH5,-CHCH;CH;2CH4, — Сн CH;CH;CH;CHs d. Two f carbons 
Cl p are identical. 
СН; CH; 


В а 
b. (СНз)>СНСН=СНЬ =— (CH3)s2>CHCH2—CH2Cl 


а 
сн» CH;CI e. per 2 (CHs)3 
с. — oe 
CY Ө: Two В carbons 


are identical. 


8.28 To have stereoisomers, the two groups on each end of the double bond must be different from each 


other. 
famesene geranial 
a. |" È г b. D r cho 
| 2 H's — по | 


two methyl groups two methyl groups 


А two different groups  stereoisomers А two different groups 
no stereoisomers at each end no stereoisomers ataach.end 
can have can have 
stereoisomers stereoisomers 


8.29 Use the definitions in Answer 8.4. 


сна CH, 
| or iiu с. < апа \ / 
trans trans trans trans 


different connectivity identical 
constitutional isomers 


СНзСН» СНз CH4CH; CHCH 


N / x 2 C. 
b. pac and a он, апа 
СНз CH2CH3 CH3 CH 


stereoisomers stereoisomers 


8.30 There are three different isomers 
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. Cis and trans isomers are diastereomers. 


H CI H Br H H 
№ / N / № ў 
C=C C=C C=C 
ў: X # № Я X 
H Br СІ H Cl Br 
A B C 
constitutional isomer | | 
of B and C diastereomers 
8.31 
Double bond can be cis or trans. 
OH 
PGF CH,CH'CH(CH;),COOH a. five sp’ stereogenic centers (four circled, one labeled) 
2a b. Two double bonds can both be cis or trans. 


HO 


c. 27 = 128 stereoisomers possible 


CHFCHÇH(OH)(CH;)4CH 


Sp? stereogenic center 
Double bond can be cis or trans. 


8.32 Use the rules from Answer 8.5 to rank the alkenes. 


СНзСНЬ нз 
N 
/ N 
H H 
monosubstituted disubstituted 
cis 
least stable intermediate 
stability 


b. СН›=СНСН(СНз)> CH5-C(CH3)CH;CHs 


disubstituted 


intermediate 
stability 


monosubstituted 
least stable 


СНз 
disubstituted 
trans 
most stable 
(СНајС=СНСНа 


trisubstituted 
most stable 


8.33 A larger negative value for AH? means the reaction is more exothermic. Since both 1-butene 
and cis-2-butene form the same product (butane), these data show that 1-butene was higher in 
energy to begin with, since more energy is released in the hydrogenation reaction. 


1-butene 
CHy=CHCH,CH, + Hp ———» CH;CH;CH;CH; а larger АН? for 
1-butene АН = -127 kJ/mol >. 1-butene 
o higher in energy 
Ф 
СНз „на т 
\ 
= H 
| 2 CH3CH2CH,CHs us eee --- butane 
H H AH? = -120 kJ/mol : 
smaller AFP for cis-2-butene 


cis-2-butene 


lower in energy, more stable 
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8.34 
ni (CH3)3CO Eu 
a. pw - $7 -  CHY4CHECHCH;CHQCH(CHg, + 22 
By B2 (loss of Bp H) (loss of В; Н) 
major product monosubstituted 
disubstituted 
; с! РЕЧ only product 
07 ^o ps O^ ^O YR 
Вз 
І СНз Е 
ex ——* CHsCH2C(CHa)-C(CHa)CH2CH2CHa + — CH3CH;CH(CH3)C(CH3)  CHCH;CHs 
2 
(loss of B4 H) (loss of Bə H) > 
major product trisubstituted 
tetrasubstituted H2 


form 


(loss of B4 H) 
disubstituted 


p " 
d. di dr d OC(CHs)3 n m only product 


Bo 
е. pw" m. CH34CH2CH2;CH5CH-ZCHCHs5 + РА aN < 
By (loss of В; H) (loss of B, Н) 
major product monosubstituted 
disubstituted 
f po Е _ 
nd OH у 
By 
(loss of В Н) (loss of B4 Н) 
major product disubstituted 
trisubstituted 


8.35 To give only one alkene as the product of elimination, the alkyl halide must have either: 
e only one В carbon with a hydrogen atom 
* all identical В carbons so the resulting elimination products are identical 


D ne Е. net 
а. CHs-C-—C-H - C=C CHa-C—C-H 
на CH, H Cl H 


CI 
Qu О — OF 
Cl 
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8.36 Draw the products of the E2 reaction and compare the number of C's bonded to the С=С. 


Bo 
+ (CHg)gCHCH=CHCH, 
ALA а a 


/ 


‘by major product disubstituted 
в) trisubstituted 
ача : А 
а CHCH3 T N B2 
major product monosubstituted 
disubstituted 


A yields a trisubstituted alkene as the major product and a disubstituted alkene as minor product. B 
yields a disubstituted alkene as the major product and a monosubstituted alkene as minor product. Since 
the major and minor products formed from A have more alkyl groups on the C=C (making them more 
stable) than those formed from B, A reacts faster in an elimination reaction. 


8.37 
a. Mechanism: 
by-products 


B (CH vs 
Nfs Г ÖC(CHa)s _ AA + Ндс(СНаја + Br 
H (CH3)3COH 


b. Rate = k[R-Br][ OC(CH3);] 

[1] Solvent changed to DMF (polar aprotic) = rate increases 
[2] [ OC(CH3)3] decreased = rate decreases 

[3] Base changed to OH - rate decreases (weaker base) 

[4] 

[5] 


Halide changed to 2? — rate increases (More substituted RX reacts faster.) 
Leaving group changed to Г = rate increases (better leaving group) 


8.38 


K* OC(CH3) 
Бе, S99 Lo. RB 


1-chloro-1-methyl- 
cyclopropane 


The dehydrohalogenation of an alkyl halide usually forms the more stable alkene. In this case A is more 
stable than B even though A contains a disubstituted C=C whereas B contains a trisubstituted C=C. The 
double bond in B is part of a three-membered ring, and is less stable than A because of severe angle 
strain around both C's of the double bond. 
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8.39 

| кон NaOCH;CH == 
а. сненен,-6—( ) b. lox did 2\13 

| CI 

Br == 

trans isomer more stable trans isomer more stable 
major product major product 

8 


.40 
СНз CH CH3 сн; 
‘OF 0 OF ox 
СНз СНз СНз СНз 
tetrasubstituted trisubstituted disubstituted 
major product 


p Fi Чр ды 


trisubstituted disubstituted 
This isomer is more stable — 


large groups farther away. trisubstituted 
major product 


c. еј di ан + dad. d 
trisubstituted 
major product 


pe are 
b. 


disubstituted 


8.41 Use the rules from Answer 8.22. 


a. OCH; CHCH=CHCH; + CHCH;CH=CH; 
Br strong base (cis and trans) 
2° halide E2 
СНОН 
b. ~“ ge}  CHaCH=CHCH; + снасњснесн, 
a ae (cis and trans) 
2° halide 
I - OC(CH3)s 
AN “Strong base ~ 
с. strong base (OS 
1? halide E2 
CH;CH;CH3 H20 
d. -y CHCH2CH3 + CH2CH2CH3 * CH2CH2CH3 
Cl weak base 
CH3 3° halide E1 CH3 CH3 CH3 
“OH 
strong base 
2° halide E2 


strong base 


2° halide C! E2 
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8.42 The order of reactivity is the same for both E2 and E1: 1° < 2? < 3? 


a Pere A PT 


Br 
1? halide 2? halide 3? halide 


Increasing reactivity in E1 and E2 


СНз 
„Гы Do О 
Cl 
Cl CH3 
2° halide 3? halide 3° halide + 
better leaving group 
Increasing reactivity in E1 and E2 
8.43 
CH _ с мыз 
OH 2 
а. er b. P А с. (CHg)3CCl 
4 НО 
3° halide — faster reaction CH; CI Но E strong basé — E2 
= (CH3)3CCI OH 
CH EE ! DMSO 
ОГ 3? halide — faster reaction ! 
polar aprotic solvent 


faster reaction 


8.44 


In a ten-membered ring, the cis isomer is more 


B иа 
| stable and, therefore, the preferred elimination 
==" product. The trans isomer is less stable because 
strain is introduced when two ends of the double 


bromocyclodecane cis-cyclodecene bond are connected in a trans arrangement in this 
medium-sized ring. 


8.45 With the strong base OCH;CH;, the mechanism is E2, whereas with dilute base, the mechanism is 
ЕІ. E2 elimination proceeds with anti periplanar arrangement of H and X. In the E1 mechanism 
there is no requirement for elimination to proceed with anti periplanar geometry. In this case the 
major product is always the most stable, more substituted alkene. Thus, C is the major product 
under E1 conditions. (In Chapter 9, we will learn that additional elimination products may form in 
the E1 reaction due to carbocation rearrangement.) 


PL Since this is an E2 mechanism, 
~ OCHsCH3 dehydrohalogenation needs an anti 
pis ~ у“ periplanar H to form the double bond. 
strong base There is only one H trans to Cl, so the 
A E2 B disubstituted alkene B must form. 
а 
меак базе И 
А El B C 
disubstituted alkene trisubstituted alkene 


more stable 
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8.46 H and Br must be anti during the E2 elimination. Rotate if necessary to make them anti; then 


eliminate. 
СНз 
а. Се Вг C6H5 CH3 
CH CHCH 
H снон, E? - са 
СНз 
Вг Вг 
p H CH CH, CHCH; сене Сн; 
rotate E2 H H5CH 
сене CHs Сен CH; tg. чы 
СН>СНз Н 
СвН5 C6H5 
сна H H CHsCHg 
© CeH& — CH;CHs 
CHj Br rotate СН; Br E2 CH, CH, 
CH2CH3 CH3 
8.47 
cı two chair H н axial 
" „conformations, Н Cl 
| ; H Н = (CHCH __| Choose this conformation. 
% Cl H H | 
: СНз CH H axial CI 
CH(CH3); (CHg;CH A ^ в CH. 
H 
Cl H 
(CH3)2CH Т] H ES - o only product 
H H к 
[в] сн, Сн» uis 
CH(CH3)2 


one axial H 
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Cl two chair H н axial 

b. conformations СНз CI 

Plc H cH ===  (€H3;CH н < Choose this conformation 
: СНз H 3 H axial CI 
CH(CH3), (CHg)2CH Н в 
H 
(СНз)2С ESA (CH3) gun 
BC 
(loss of B, H) (loss of В, Н) 
major product 
trisubstituted 
| re-draw | re-draw 
m = 
CH(CH3) CH(CHs)2 
D D (loss of B, H 
CI CI D 
Todo == НА | де 
H H 
D вн HN, H 
| -OH enantiomers 
This conformation reacts. 
axial Cl p 
(loss of B, H 
D 


(loss of B, D) 
| CI CI H H 
Обр Ча fro. 
By D " p; H 


-OH 


enantiomers 
This conformation reacts. 
axial CI 


pet 


(loss of В; D) 


| 
| 
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8.48 
a. enantiomers enantiomers 
H CH3 H | ar M H H Шш | | Н H 
M UN E ТР Spe 3 о C HCH, Ei с cu 2-6“ СН 
3 2 
ur СНз а Cl CH, сі CH2CH3 СНзСНЬ Cl 
с сз А B м б 
2-chloro-3-methylpentane 
-HCI | -HCI | -HCI | -HCI 
H and С! are arranged anti in 
я А H 
each stereoisomer, for anti See Ji A НЕН» н Сн» Н 
periplanar elimination. C=C С=с, С=с С=С, 
/ CH,CH, CH3CH, , СН; 


\ 
СНз | СНз = | oe Сн | | 
identical 


identical 


b. Two different alkenes are formed as products. 
c. The products are diastereomers: Two enantiomers (A and B) give identical products. A and B are 
diastereomers of C and D. Each pair of enantiomers gives a single alkene. Thus diastereomers give 


diastereomeric products. 


8.49 The trans isomer reacts faster. During elimination, Br must be axial to give trans diaxial 
elimination. In the trans isomer, the more stable conformation has the bulky tert-butyl group in the 
more roomy equatorial position. In the cis isomer, elimination can occur only when both the tert- 
butyl and Br groups are axial, a conformation that is not energetically favorable. 


This conformation must react, 


Br 


cis А А 8 
but it contains two axial groups. 
Br 
oH Br 
i = (i, * е 
trans preferred conformation 
8.50 
C=CH 
А CH2CHCl; NaNH; 
(2 equiv) 
СНз СНз 
| МаМн» ! E 
b.  CHsCH2—~C—CHCH,Br - снәСн»-с—С=Сн 
CH,Br (2 equiv) CH; 
i NaNH 
C. — CH4- 6-CH;CH, 2 — HCSC-CH,CH, + CH3—C=C—CH, 
| (excess) 


CI 
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ОНО 23 О-о 
| 1 (2 едим) 


8.51 


Вг H Н 

| 
а. снас=ссна CH3—-Ç-CH2CH;3 or СНз-С-С-СНз 
Br Br Br 


сна CH; Br CH, Br CHs 
b. СНз-С-СЕСН | CH,-C—C-CH, ог CH,-C—CH-CH;Br ог CHs-C— CH;CHBr, 


CH3 СНз Вг СНз СНз 


СО) | СНС) « Cee) 


8.52 


H H 
CHs-C-C-CH; CH3;—-C=C-CH,; CH3—-CH=C=CH;  CH;-CH-CH-CH; 
Br Br | | С 
2,3-dibromobutane sp sp sp 
A B 
8.53 Use the “Summary chart on the four mechanisms: Syl, Sn2, El, or E2” on p. 8-2 to answer the 
questions. 


. Both Syl and E1 involve carbocation intermediates. 

. Both Syl and E1 have two steps. 

. Sul, Sn2, El, and E2 have increased reaction rates with better leaving groups. 

. Both Sy2 and E2 have increased rates when changing from CH3OH (protic solvent) to (CH3)5SO 

(aprotic solvent). 

. In Syl and ЕІ reactions, the rate depends on only the alkyl halide concentration. 

. Both 552 and 22 are concerted reactions. 

. CH3CH2Br and NaOH react by ап 532 mechanism. 

. Racemization occurs in Syl reactions. 
In Syl, El, and E2 mechanisms, 3? alkyl halides react faster than 1? or 2° halides. 
E2 and Sy? reactions follow second-order rate equations. 


сос? 


Sr bag њо 


8.54 
| OC(CH3) 


a. BL. SS р 
1 sterically 


° halide hindered base 
512 ог E2 


| осн;сна РИМ ОСНСН: Sn2 


1° halide 
$м2 or E2 


strong 
nucleophile 


N 
C. CH3- C - СНз НСЕС- СН, 
Cl (2 equiv) 
dihalide ^ Strong base 
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d. C DBU CY E2 
sterically 


1° halide hindered 
512 ог E2 base 
Biens n CH2CH3 CHCH; 
e. CX OC(CH3)s or : Cy ES 
Br sterically 
hindered A 
2° halide base major product 


$41, Sy2, E1, E2 


Br OCH2CH3 CHCH 
CH3CH2OH Chachi ° 
f. CH4CH; CHCH; + + 
3° halide weak base 
по Sy2 Sy1 product E1 products 
д. (CHg),CH—CHCH,Br _2 NaNHp (снусн—с=сн 
dihalide P' 
H 
h. CF! KOC(CHa)s Lu: 
=  CH-C-C=CH 
(2 equiv) CH 
+ DMSO К 
dihalide 
| OCH2CH3 
i. "n шы Е и + снасн=снсна 
"M weakbase м1 product E1 product (cis and trans) 
2? halide E1 product 


511, Sy2, E1, E2 


НО 
р = “Kt сњењссну=сноњ + 
меак Базе OH i 
NEM (cis and trans) 
3? halide 501 product E1 product 


по Sy2 


E1 product 


8.55 [1] МаОСОСН; is a good nucleophile and weak base, and substitution is favored. [3] KOC(CH3); 
is a strong, bulky base that reacts by E2 elimination when there is a В hydrogen in the alkyl halide. 


1] NaOCOCH Cl HIN H OCOCHs 
а. сна | з СНЗОСОСНЬ b. ( )—/ [1] NAOCOCH; С у 
[2] NaOCH3 [2] №аосн, T" 


CH3OCH; 


[3] KOC(CH3); CH;OC(CHj); [3] KOC(CH3); 


8.56 
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[1] NaOCOCH, 
OCOCH; d. Cf с cee : OCOCH; 
[2] маосна 
OCH, 4 СУ Ee | 
E2 
[3] КОС(СНа)з CT 


[1] NaOCOCH3 
Cl a 


[2] маосна 


yy 


N 


[3] KOC(CH3)3 


IP 
2 


а. two enantiomers: 
oe) вые 
A B 


b. The bulky tert-butyl group anchors the cyclohexane ring and occupies the more roomy 


equatorial position. The cis isomer has the Br atom axial, while the trans isomer has the Br 
atom equatorial. For dehydrohalogenation to occur on a halo cyclohexane, the halogen must 
be axial to afford trans diaxial elimination of H and X. The cis isomer readily reacts since the 
Br atom is axial. The only way for the trans isomer to react is for the six-membered ring to flip 


into a highly unstable conformation having both (CH3)3C and Br axial. Thus, the trans isomer 
reacts much more slowly. 


Br 
а diaxial 


B 
(CH)3C | Pd ИИ Br 
H 
cis-1-bromo-4-tert-butylcyclohexane trans-1-bromo-4-tert-butylcyclohexane 
c. two products: OCH; 


C= СНС 7 OCH р. (CHC 


d. cis-1-Bromo-4-tert-butylcyclohexane reacts faster. With the strong nucleophile ОСНз, 


backside attack occurs by an Sy2 reaction, and with the cis isomer, the nucleophile can 
approach from the equatorial direction, avoiding 1,3-diaxial interactions. 


1,3-diaxial interactions 


Br axial approach 


Br d (С бо 
CH c L7 «Осн MTS 
(СНз)з Ее 3 (CHa)C 


equatorial approach preferred 
cis-1-bromo-4-tert-butylcyclohexane trans-1-bromo-4-tert-butylcyclohexane 


e. The bulky Базе OC(CH3); favors elimination Бу an E2 mechanism, affording a mixture of 


two enantiomers А and B. The strong nucleophile ОСН; favors nucleophilic substitution by 


an 52 mechanism. Inversion of configuration results from backside attack of the 
nucleophile. 


216 | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 8—24 


8.57 
ан А он 
а. ря bw P Unc & NY m ~ 
ahali strong base — 5,2 product j | | 
И m үү E 5,2 and E2 EE а major E2 product minor E2 product minor E2 product 
vado aded stereogenic center 
CI H HO Н 
2° halide B. TIT Sy pedcs 
Sy1, Sy2, E1, 22 N 
М E UR LU = qno _/ 
ii 2 product ids E1 product minor E1 product 
nio "oH Ti 
3 3 CH3 
c. (С CHOH OCH; "as" CL 
‘CeHs weak base "СеН5 ‘OCH, Cd; 
| 511 and E1 
3? halide $м1 products E1 product 
по 512 
NaOH 27 
А а Ы АА " Pau Emu. 
CI strong base OH | | 
2° halide 512 and Е2 Sy? product major E2 product minor E2 product 


$1, Sy2, E1, 22 


CH _ CHs 
" e * — CH.COO [fes 
| weak Базе 


3° halide 9009 nucleophile achiral 
по Sy2 $1 Sy1 product 
Br KO 
f. strong base (trans diaxial elimination of D, Br) 
"D 
Sy2 and E2 

2° halide © Sy2 ere E2 product 

511, Sy2, E1, E2 inversion at 


stereogenic center 


Фе сх CE. X ес X 
те! weak base base OCH; z 


5,1 and E1 OCH; 


“ОЛ уе a. QE С 


8.58 
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8.59 
CH; 


CH3 
" Фе + ОС(СНа)з >e (ocen, 
strong CH3 CH2 
? hali bulky base + 
3? halide E2 | СТ Cy 


major product 
more substituted alkene 
No substitution occurs with a strong bulky base and a 3° RX. The C with the leaving 
group is too crowded for an Sy2 substitution to occur. Elimination occurs instead by an 
E2 mechanism. 
в. “OCH; Ee Sow 
1° halide 


strong nucleophile OCH 

Sy2 = SS SC 3 
All elimination reactions are slow with 1? halides. 
The strong nucleophile reacts by ап S,2 mechanism instead. 


СНз 
= CY" - “үү minor product only 
Аш nabs CH3 


3? halide 19! More substituted 
alkene is favored. 
d. do m = w^ minor product only 
С! good nucleophile, a. 
2° halide weak base 7 | 
52 favored major product 


The 2° halide can react by an E2 or Sy2 reaction with a negatively charged nucleophile or base. 
Since Г is a weak base, substitution by an 512 mechanism is favored. 
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8.60 
3? halide, weak base: 
51 and E1 
CH3CH;OH pus 
a. pev ndi Р + Pe * < + HCl 
VCI overall — OCH;CHs 
reaction 
The steps | | 
51 AW PF + HCl Any base (such as СНАСЊЉОН or СГ) can 
CH.CH,ÓH чы a S be used to remove a proton to form an 
3 2~ = 


‘Cl: H alkene. If СІ is used, НСІ is formed as a 
U reaction by-product. If CH3CH2OH is used, 


C 
(CH3CH2OH;)* is formed instead. 
F! in — Pu + HCl 


E1 N + HCI 


СНз _ 


CH3 CH» 
есте od us 
overall 


3° halide reaction 


strong base 
E2 Gta Сн» 
С! 
СЪ one step CY 
Each product: Hoo 

д ОН 

ог + но + С 

сн ТЮН 


CH; 
(Cl 
one step 


8.61 Draw the products of each reaction with the 1° alkyl halide. 


" D NaOCH2CH3 a а а. Cl DBU хы 
H + попа. H * © d did sterically a a. 
nucleophile H - hindered base HW. t 
$н2 E2 
Cl KCN CN 
b. CX T Sono did 
nucleophile 


Sy2 
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8.62 
H сон 
Е ia above : 
H H H 
- Br 
hos J) H :OH 
! re-draw eeu ee, cus 
below ü | 
| H 
f 
Å 
8.63 
good nucleophile 
О 
c 
ИО — = 
n _ О аа СНзСОО- is a good nucleophile and a weak base 
O, ne GMs and so it favors substitution by Sy2. 
| 
О 
СНз CHCHs (only) 
Br 
CH3CH,0- CH3- CHCH + CH&CH-CH, The strong base gives both Sy2 and 
strong base OCH,CH; E2 products, but since the 2? RX is 


somewhat hindered to substitution, 
20% 80% the E2 product is favored. 
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8.64 


Cl OCH, 
CH4OH 
t + + 
OCH; 


3° halide 
weak base 
541 and E1 


= Vas E У X OCH, 
H Ж 
ОГ + p == t HCI 


-— F De" 
-Ogo-« 


8.65 E2 elimination needs a leaving group and a hydrogen in the trans diaxial position. 


Cl 
Two different Cl " a 
conformations: =— “ыл ае с 
СІ 


СІ 


This conformation has Cl's This conformation has по С!$ axial. 


axial, but no H's axial. 
For elimination to occur, a cyclohexane must have a H and Cl in the trans diaxial arrangement. 


Neither conformation of this isomer has both atoms—H and Cl—axial; thus, this isomer only 
slowly loses НСІ by elimination. 
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8.66 
H and Br are anti periplanar. CH3O- E о 
Elimination can occur. О 
-HBr 5 | 
H major product 
Elimination can occur here. 
H (in the ring) and Br are NOT anti periplanar. P 
Elimination cannot occur using this H. СНзО- о 
Instead elimination must occur with the HBr ~o 
H on the СН. group. H 
Elimination cannot occur in the ring 
because the required anti periplanar geometry is not present. 
8.67 
ids group 
нн 
сњо” T Jis DBN сено ТИ чү 
A. overall reaction 2 o М о 
2 сње! | 
512 
Е2 ‘ 
A sequence of two reactions forms the nra ae = eR 
final product: E2 elimination opens the СеН5О Ма 
five-membered ring. Then the sulfur о О М C. 
nucleophile displaces the СГ leaving group X О 
to form the six-membered ring. 
8.68 
H 5 CH3 CH, Br H CH H 
e Y / N сна 3 
a di D A хе "e \_ g^ Zn Ж 
HY УН CHg  \ E 5 
SeOCgHs Br Br H Br H СНз 
SeOC,Hs and H are on the Both Br atoms are on the opposite 
same side of the ring. sides of the C-C bond. 
anti elimination 


syn elimination 
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Chapter 9: Alcohols, Ethers, and Epoxides 


* General facts about ROH, ROR, and epoxides 
* All three compounds contain an О atom that is sp^ hybridized and tetrahedral (9.2). 


сн Эн сну "CH, 
хх хи Hi “H 
109° 111° H H 
an alcohol an ether an epoxide 


• All three compounds have polar C—O bonds, but only alcohols have an О-Н bond for intermolecular 
hydrogen bonding (9.4). 


hydrogen bond 


e Alcohols and ethers do not contain a good leaving group. Nucleophilic substitution can occur only 
after the OH (or OR) group is converted to a better leaving group (9.74). 
La" + к 
R-OH + ШУ, = none + Cl 


strong acid 


weak base 
good leaving group 


* Epoxides have a leaving group located in a strained three-membered ring, making them reactive to 


strong nucleophiles and acids HZ that contain a nucleophilic atom Z (9.15). 
leaving group 


With strong nucleophiles, co Я О H—OH р (OH 
:Nu „б-С., = „СС, 2-С + ФН 
gi М [1] м Y [2] м Ы 
:Nu 


$ A new reaction of carbocations (9.9) 


* Less stable carbocations rearrange to more stable carbocations by shift of a hydrogen atom or an 


alkyl group. Besides rearrangement, carbocations also react with nucleophiles (7.13) and bases 
(8.6). 


| | 1,2-shift | | 
А. R 
(or H) (or H) 


+ Preparation of alcohols, ethers, and epoxides (9.6) 


[1] Preparation of alcohols 


= e The mechanism 15 Sy2. 
В-он + X 
e The reaction works best for СНЗХ and 1° 
RX. 
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[2] Preparation of alkoxides (a Brensted-Lowry acid—base reaction) 


R-O-H + Маан ——- [В-о )Na* + Н 


alkoxide 


[3] Preparation of ethers (Williamson ether synthesis) 


— e The mechanism is Sn2. 
R-X + — R + 
А e The reaction works best for CH3X and 1° ВХ. 


[4] Preparation of epoxides (Intramolecular $52 reaction) 


: [1] Removal of a proton with base forms 


an alkoxide. 
[2] Intramolecular $м2 reaction forms the 
H-B* epoxide. 


Б :0: > 
5-6” un с=с 
4 X “7 Сх 
halohydrin + 


ву s | * A two-step reaction sequence: 


* Reactions of alcohols 


[1] Dehydration to form alkenes 
[a] Using strong acid (9.8, 9.9) 


| | e Order of reactivity: КзСОН > R2CHOH > 


H250, чыў 
| аб |+ но RCHOH. 
Н он) тон e The mechanism for 2° and 3° ВОН is El; 


carbocations are intermediates and 
rearrangements occur. 
* The mechanism for 1? ROH is E2. 
e The Zaitsev rule is followed. 


[b] Using POCI; and pyridine (9.10) 


e The mechanism is E2. 


| | РОСЬ No oy | 
C-C Е FS + HO * Мо carbocation rearrangements occur. 
H OH 


[2] Reaction with HX to form RX (9.11) 


R-OH + H-X == + H,O * Order of reactivity: ВзСОН > В СНОН > 
ЕСЊОН. 

e The mechanism for 2° and 3° КОН is Syl; 
carbocations are intermediates and 
rearrangements occur. 

* The mechanism for СНЗОН and 1° ROH is 512. 
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[3] Reaction with other reagents to form RX (9.12) 


R-OH + SOC, —— 
pyridine * Reactions occur with СНЗОН and 1° and 2° ROH. 
R-OH + РВгз R-Br * The reactions follow ап Sy2 mechanism. 


[4] Reaction with tosyl chloride to form alkyl tosylates (9.13A) 


о = о 
Ц pyridine Д mn . 

mls e um № anui ~ R-O-S—\ / СН;  * The C-O bond is not broken so the 
Ó О 


configuration at a stereogenic center is 


retained. 


$ Reactions of alkyl tosylates 
Alkyl tosylates undergo either substitution or elimination depending on the reagent (9.13B). 


№ – С С + "OTs e Substitution is carried out with strong Ми so 
N H Nu the mechanism is $2. 
H OTs B: Nc ou . ¢ Elimination is carried out with strong bases so 
с=с T ME the mechanism is E2. 
+ OTs 


* Reactions of ethers 


Only one reaction is useful: Cleavage with strong acids (9.14) 


R-O-R + H-X s: вх) + но ° With 2° and 3° В groups, ће mechanism is 


(2 equiv) Sul. 
(X = Br or I) * With CH; and 1° R groups the mechanism is 
Sn2. 


+ Reactions of epoxides 


Epoxide rings are opened with nucleophiles :Nu and acids HZ (9.15). 


* The reaction occurs with backside attack, 
resulting in trans or anti products. 

e With Ми, the mechanism is Sy2, and 
nucleophilic attack occurs at the less 
substituted C. 

e With HZ, the mechanism is between 5х1 and 
Sn2, and attack of Z occurs at the more 
substituted C. 


/\ [1] :Nu [2] ЊО 
P4 N’ = ерт 
HZ 


226 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 9—4 


Chapter 9: Answers to Problems 


9.1 * Alcohols are classified as 1°, 2°, or 3°, depending on the number of carbon atoms bonded to the 
carbon with the OH group. 
* Symmetrical ethers have two identical R groups, and unsymmetrical ethers have R groups 
that are different. 


OH 
Ма ОН 9 „| Chg ма 
1° alcohol 2° alcohol symmetrical ether unsymmetrical ether 
Е pu A 
CH 
> OH 3-0 
3? alcohol 1? alcohol unsymmetrical ether 


9.2 Use the definition in Answer 9.1 to classify each OH group in cortisol. 


OH~—— 1° alcohol 


"Он 
м 


2? alcohol 


3? alcohol 


cortisol 


9.3 To name an alcohol: 
[1] Find the longest chain that has the OH group as a substituent. Name the molecule as a 
derivative of that number of carbons by changing the -e ending of the alkane to the suffix -ol. 
[2] Number the carbon chain to give the OH group the lower number. When the OH group is 
bonded to a ring, the ring is numbered beginning with the OH group, and the “1” is usually 
omitted. 
[3] Apply the other rules of nomenclature to complete the name. 


1 


| 
a. 11 Ec [2] Ze [3] 3,3-dimethyl-1-pentanol 


5 carbons = pentanol Ld 
b. [1] СНз [2] CH3-—2-methyl [3] cis-2-methylcyclohexanol 
Ol, eu 
6 carbon ring = cyclohexanol 1 
=— 6-methyl 


c. [1] OH [2] OH [3] 5-ethyl-6-methyl-3-nonanol 
E J Б p | 


| 


5-ethyl 


9 carbons - nonanol 
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9.4 To work backwards from a name to a structure: 
[1] Find the parent name and draw its structure. 
[2] Add the substituents to the long chain. 


OH í КУ 2 
а. 7,7-dimethyl-4-octanol = c. 2-tert-butyl-3-methylcyclohexanol / 
4 он 
1 
5 
OH OH 
b. 5-methyl-4-propyl-3-heptanol /. d. trans-1,2-cyclohexanediol РА CX 
3 он “OH OH 


9.5 To name simple ethers: 
[1] Name both alkyl groups bonded to the oxygen. 


[2] Arrange these names alphabetically and add the word ether. For symmetrical ethers, name the 
alkyl group and add the prefix di. 


To name ethers using the IUPAC system: 


[1] Find the two alkyl groups bonded to the ether oxygen. The smaller chain becomes the 
substituent, named as an alkoxy group. 


[2] Number the chain to give the lower number to the first substituent. 


a. common name: IUPAC name: 
CH4—- O- CH2CH;CH2CHs CH4—O 4 CH2CH;2CH5CHs ~—larger group – 4 C's 
| butane 
substituent: 
methyl butyl methoxy 


butyl methyl ether 1-methoxybutane 


b. common name: 
C 
| methyl 
cyclohexyl 
cyclohexyl methyl ether 


c. common name: 
СНзСНСН О - CH»CH;CHs 


propyl propyl 


dipropyl ether 


IUPAC name: 


OCH; -— substituent – 
CY methoxy 
\ 
larger group — 6 C's 


cyclohexane 


methoxycyclohexane 
IUPAC name: 


СнзСнСН — O | CH&CH;CHs 


propoxy propane 


1-propoxypropane 
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9.6 Name each ether using the rules from Answer 9.5. 


1 СНз 
а. |CH4CH5-O1-CH,CHs b. CH, сто CHa 
| (em) | 
ethoxy ethane 2-methyl 2-methoxy 
1-ethoxyethane propane 


2-methoxy-2-methylpropane 


9.7 'Three ways to name epoxides: 
[1] Epoxides are named as derivatives of oxirane, the simplest epoxide. 
[2] Epoxides can be named by considering the oxygen as a substituent called an epoxy group, 


bonded to a hydrocarbon chain or ring. Use two numbers to designate which two atoms the 
oxygen is bonded to. 


[3] Epoxides can be named as alkene oxides by mentally replacing the epoxide oxygen by a 
double bond. Name the alkene (Chapter 10) and add the word oxide. 


Three possibilities: H о Three possibilities: 


ü о [1] methyloxirane e 2 [1] cis-2-methyl-3-propyloxirane 
i S [2] 1,2-epoxypropane ' "H [2] сіѕ-2,3-ерохуһехапе 
CH3 [3] propene oxide [3] cis-2-hexene oxide 
1 
| СНз—— 1-methyl Two possibilities: 
[1] 6 carbons = cyclohexane 

b. о- — epoxy group 1,2-epoxy-1-methylcyclohexane 

2 [2] 1-methylcyclohexene oxide 


9.8 Two rules for boiling point: 
[1] The stronger the forces the higher the bp. 
[2] Bp increases as the extent of the hydrogen bonding increases. For alcohols with the same 
number of carbon atoms: hydrogen bonding and bp's increase: 3? ROH « 2? ROH « 1? ROH. 


om CY CY 5 
= b. БР УН 


| 
lowest bp ‘DD. ‘DD ВОН 2° ROH 4° ROH 
intermediate bp hydrogen lowest bp intermediate bp highest bp 
bonding 


highest bp 
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9.9 Draw dimethyl ether and ethanol and analyze their intermolecular forces to explain the observed 


trend. 
аїтешүгешег ethanol Both molecules contain an O atom 
род СНАСЊОН and can hydrogen bond with water. They 
Gels uH have fewer than 5 C's and are 
VDW VDW therefore water soluble. 
DD DD 
no HB HB Н. H, 
much lower bp Two molecules of СНзСН>ОН 
can hydrogen bond to each other. i Н 
< “CH CHCH; `H 


stronger forces = 
much higher bp СН; 


9.10 Strong nucleophiles (like CN) favor 52 reactions. The use of crown ethers in nonpolar solvents 
increases the nucleophilicity of the anion, and this increases the rate of the S42 reaction. The 
nucleophile does not appear in the rate equation for the 5,1 reaction. Nonpolar solvents cannot 


solvate carbocations so this disfavors 8,1 reactions as well. 


9.11 Compare the number of carbons and functional groups to determine if each compound is soluble in 


water, an organic solvent, or both. 
ry CHa СН в 
E с 
H 


"D S 
S 
wr 
и 


О 
eplerenone 
24 C's and 6 O's (from four functional groups) 
soluble in organic solvents 
tiotropium bromide 
19 C's, 4 O's 
a salt — water soluble 


probably borderline water solubility 
Because it has many C's, it is also 


probably soluble in organic solvent. 


9.12 Draw the products of substitution in the following reactions by substituting OH or OR for X in the 


starting material. 
alcohol 


a. CH4CH2CH5CH; - Br * OH CH4CH2CH5CH; - OH + Br 


b. а + осн, `` “осн, + СГ unsymmetrical ether 


C. OIE + ОСН(СНз)ь —— (_ )-оњонгоонсна, + I unsymmetrical ether 
d. 8 + " ОСЊСНа — pu * Br unsymmetrical ether 


— 


230 | | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 9-8 


9.13 To synthesize an ether using a Williamson ether synthesis: 
[1] First find the two possible alkoxides and alkyl halides needed for nucleophilic substitution. 
[2] Classify the alkyl halides as 1?, 2?, or 3?. The favored path has the less hindered halide. 


Two possibilities: Two possibilities: 
a. CHs3-O| ) chado ) b. | CHyCH,—O[-C—CHg | CH3CH,+O— c- CH3 
H H 
| CH, 

сно | + => CHBr + v ) Вана ОВС Ји AN 
methyl H CH3CH,—Br + 3 

2° halide halide 2° halide 1° halide H 

less hindered RX less hindered RX 

preferred preferred 


9.14 NaH and МаМН) are strong bases that will remove a proton from an alcohol, creating а 


nucleophile. 
п" 


а. CH4CH,CH;-O-H + ману — —- CH&CH;CH;-O: Ма“ + Н 


сњ У Dam ЕЯ 
^ ces EHE oe ES + Nat + NH, 


САА: „H K ме. He 5 и + Nat+ Hp 


AA estes + Br 


А + Nt +  ——7 О 
Вг 


Вг 


9.15 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 


product. 
" 
а. CHs-C-CHs TSOH — снњ=сн-сн + H,O 
OH 
CHCH; 
b. о TsOH ‘с=снсн, + 770 + њо 
Oh сна CH; 


trisubstituted disubstituted 
major product minor product 
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CH; сњ 
: dias TsOH CY " CY + H0 


trisubstituted disubstituted 
major product minor product 


9.16 The rate of dehydration increases as the number of R groups increases. 


a. | (CH3;CHCH;CH;CH;,OH (CH3);CHCH?CH(OH)CHs (СНз)>С(ОН)СНЬСНЬСНз 
1? alcohol 2? alcohol 3? alcohol 
slowest reaction intermediate fastest reaction 
reactivity 
CH3 
OH ig 
ем СР 
HO СНз 
1° alcohol 2° alcohol 3? alcohol 
slowest reaction intermediate fastest reaction 
reactivity 


9.17 There are three steps in the E1 mechanism for dehydration of alcohols and three transition states. 


transition state [1]: transition state [2]: transition state [3]: 
Е сњ qt CH, + | CHs ji Jt 
CHs-C-CH;s он-он, "amus 
ôt: OH + CH; П 
> У ОН; " 
| H- Е -OSO3H ai 6-0SO,H 
9.18 
transition state [1]: transition state [2]: 
at г ôT qt 
n H---OSO3H 
CH3CH,—C—H 1 
S OH ci = 
| F H | 
H- - -OSOH | us 
9.19 
" ту 
HH HSO, H 
+ 
adi This alkene is also formed in addition 
В to Y from the rearranged carbocation. 
rearranged 3? carbocation + Н2504 


The initially formed 2? carbocation gives two alkenes: 


or 
ин Н H 


A H 
HSO 
i + 27 Tons DA 
H^ uso? 
4 
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9.20 
rea t нз T tà 
rearrangemen 
а. we c c pe um cam Ni о. с. rearrangement + 
He midi H 1,2-methyl shift 
2° carbocation 3° carbocation А : . 
more stable 2° carbocation 3? carbocation 
more stable 
5 rearrangement A 
m + 1,2-H shift 
2° carbocation 3* carbocation 
more stable 
9.21 
CH3H CH; H СНз H 
и НО Г | | 
ED ш. A CH4-C—C-CH; + | CH,-C—C-CH, + HCI 
H CI overa : : 
reaction H. ЗОН OH -H 
А 
The steps: 
снн quen 
CH4—C —C- CH —С— 
476 eS CH4-C G7 CHa 
= 4H ый H :O-H 
+ а Н2О: fS 
and H б: 
ena ens n cns n 
Снь-С—6-Снз ~ CH3-6—C-CHs ~ CHs—C—C-CHg 
H Т H н-0: H 
2? carbocation H20: 3° carbocation He 
Rearrangement of H forms :Cl: 
а more stable carbocation. U 
9.22 
Ts HCI T OH HBr Вг Но 
а. сн.-С-СН»СНь Снз-С-СНСНз + ЊО с. В d —— didi 2 
ÓH С! 


HI 
b. [У он + ЊО 


9.23 • CH,OH and 1° alcohols follow ап 5,2 mechanism, which results in inversion of configuration. 
* Secondary (2°) and 3? alcohols follow ап Syl mechanism, which results in racemization at a 


stereogenic center. 


H OH Te 
<: HI NC o К " С у 
а. C—D ——- со 1? alcohol so inversion of configuration 


/ 
CH3CHsCH> CH3CH»CH 


№ 
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b. o HBr A 3? alcohol, so Br- attacks from above and below. 
'OH CH3 The product is achiral. 


achiral starting material 


achiral product 


но, : Cl E 
pu № ZH. pO P e ms 3? alcohol = racemization 


а. Фе HCI OG c. C Ce 
OH 
(product formed after a 1,2-H shift) 


(product formed after а 1,2-СНа shift) 
9.25 Substitution reactions of alcohols using SOCI, proceed by ап 5,2 mechanism. Therefore, there is 
inversion of configuration at a stereogenic center. 


H OH SOCI, CI H Reactions using SOCI» 
E — р proceed by ап 512 mechanism = 
B pyridine 2 inversion of configuration. 


9.26 Substitution reactions of alcohols using PBr, proceed by an 5,2 mechanism. Therefore, there is 
inversion of configuration at a stereogenic center. 


H OH РВгз Br H Reactions using РВгз 


s, proceed by an 542 mechanism = 
" 5 inversion of configuration. 


9.27 Stereochemistry for conversion of ROH to RX by reagent: 
[1] HX—with 1°, 552, so inversion of configuration; with 2? and 3°, 531, so racemization. 
[2] SOCL—S34, so inversion of configuration. 
[3] PBr3—Swz2, so inversion of configuration. 


PB 


pyridine 
Sn2 = 
OH JI L x inversion 


3? alcohol, Sy1 = 
racemization 
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9.28 To do a two-step synthesis with this starting material: 
[1] Convert the OH group into а good leaving group (by using either PBr; or SOCH). 
[2] Add the nucleophile for the Sy2 reaction. 
H 
E | 
№ CH3-C-N 
| РВгз ji A : CH, | 
m dud \CHsCH20 B 


| 
CHg—C-OCH,CH, 


А СНз 
bad leaving good leaving 
group group 
9.29 
2 
а. CH&4CH;CH,CH,-OH + сњ— во CH.CHCH,CH,-O-S—{ сн, + Cl 
pyridine 6 
H OH H OTs 
р. S TsCl S " 
ow peu ^C. + CI 
CH3CH5CH5 СНз pyridine CH3CH35CHz СНз 
9.30 
$ 
аа ^ v “отв + ом М Хом + OTs 
5 strong 
1° tosylate nucleophile 


b. СНэСНЬСН»-ОТ$ + K*-OC(CHg)s E. CH3;CH=CH, + К+ -OTs + НОС(СН.)з 


1° tosylate strong bulky 
base 
H HS 
- OTs эн 
S = S Sy2 product 
C. CH4—C i ES СНз С (inversion of configuration) 
strong N 
CH,CHsCH3 пивари је CH,CHsCH3 
2° tosylate ТИС 
y (Substitution is 
favored over 
elimination.) 
9.31 
HO H TsCl TsO. H NaOH H OH - - - - 
A- P у 4 One inversion from starting material 
pyridine $м2 to product. 
5 retention inversion 
R 


| enantiomers J t 
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9.32 These reagents can be classified as: 
[1] SOCI, PBr3, НСІ, and HBr replace OH with X by a substitution reaction. 
[2] Tosyl chloride (TsCl) makes OH a better leaving group by converting it to OTs. 
[3] Strong acids (H2SO4) апа POCI; (pyridine) result in elimination by dehydration. 


H H H H 
SOCI, | HBr | 
a. Снз-С-Он ————-  CH,-C-Cl d.  CH4-C-OH CH3-C-Br 
pyridine | l 
СНз CH3 CH, CH; 
H H H H 
b. CHg,-C-oH —_80! СНз—С-ОТз e.  CHa—C-0H 21088 CH3—C—CN 
pyridine | [2] NaCN | 
СНз СНз СНз СН; 
H 
c. CHj-C-oH —HeSO% — ou cuc, Е сыу-С-он 2 РОСВ.. ењесненњ 
CH, CH, pyridine 
9.33 
a. CHCH,-O-CH,CH, НВ. 2 CH,CH,-Br + но c. ( )—о-онң, HE! {Ув 
Сн» TN СНз + CHBr + ЊО 


| | 
b. CH4-C-0-CH;CHs Е RE < ss 
H H 


9.34 Ether cleavage can occur by either an 5,1 or 5,2 mechanism, but neither mechanism can occur 
when the ether О atom is bonded to an aromatic ring. An S,1 reaction would require formation of 
a highly unstable carbocation on a benzene ring, a process that does not occur. An 5,2 reaction 
would require backside attack through the plane of the aromatic ring, which is also not possible. 
Thus cleavage of the Ph-OCH, bond does not occur. 


anisole phenol bromobenzene 
NOT formed 
5х1: 5х2: 
N + К ù + УСН 
C Joð- ж C )+ + оњан XP 
H 
highly unstable ВГ 


carbocation 


9.35 Compare epoxides and cyclopropane. For a compound to be reactive towards nucleophiles, it must 
be electrophilic. 


o 
‘O° 
SRLS дя Z3 
epoxide cyclopropane 
O is electronegative and pulls electron density Cyclopropane has all C's and H's, 
away from C's. This makes them electrophilic so all nonpolar bonds. There 
and reactive with nucleophiles. are no electrophilic C's so it will not 


react with nucleophiles. 
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9.36 Two rules for reaction of an epoxide: 
[1] Nucleophiles attack from the back side of the epoxide. 
[2] Negatively charged nucleophiles attack at the less substituted carbon. 


„СНз E „СНз о H 
| 21H Я . сну Сен «С=С 
| [2] НО 'OCH;CHs MC deeem Meg s 
H КУ 
АНаск һеге: Attack here: Ch 
pus Е less substituted C 
ackside attac backside attack 
9.37 In both isomers, OH attacks from the back side at either C—O bond. 
cis-2,3-dimethyloxirane 
б: ^ H он HO: H 4 б 
Ça [1] “OH Chan / оон CH A 
НУ АН шңо aa ; mmo di {ч 
'H +У 
u^ LL | HO: бв @ :0н ib 4 
р enantiomers ~. 
HÖF но: 
О: _ H :OH oe : а : D 
VA mod сн 7 Hes | 9t [1] "OH N 
ну EN NCH |, + „C—C Hy Е УСН: 
CH i [2] H2O 
CHs HO RHO н MD 2 S 
HO: identical `. 
U Rotate around the C-C bond to но: 


trans-2,3-dimethyloxirane see the plane of symmetry. 


HO OH 
cH;7 | Усн 
ЗН H 3 


meso compound 
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9.38 Remember the difference between negatively charged nucleophiles and neutral nucleophiles: 
* Negatively charged nucleophiles attack first, followed by protonation, and the nucleophile 
attacks at the less substituted carbon. 
* Neutral nucleophiles have protonation first, followed by nucleophilic attack at the more 
substituted carbon. 
BUT - trans or anti products are always formed regardless of the nucleophile. 


Br CHCH OH 
“СНз ЗА О 3772 
S i CH4CH;OH _ CH3CHoa / 
a. О EM CX с. CHCH Y А “ dp ed 
OH CH,CH, н Њ504 / Ун 
neutral nucleophile: neutral nucleophile: 
attack at more attack at more 
substituted C substituted C 
CH CH 
So MON =оћ А [1] СНаО“ EN 
b. 2| HO А а. CHCH н ===. с—с^ 
[2] Ha "CN CHCH H [2]CH30H сн.сн;“ \ 
i CHCH ев 
negatively charged : RP 
nucleophile: negatively charged 
attack at less nucleophile: 


attack at less 


substituted C substituted C 
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9.39 Draw the structure of each alcohol, using the definitions in Answer 9.1. 
OH OH 
» pex T. =“ Р A 
1? 2? 3? enol 
9.40 Use the directions from Answer 9.3. 


a. (СНз)>СНСНЬСН»СН>ОН 


[1] H [2] H 1 [8] | 4-methyl-1-pentanol 

CH4- C —-CH;CH;CH50H CH4— C- CH;CH;CH520H 

СНз CHs-—4-methyl 
5 carbons - pentanol 
b. (CH3)2>CHCH2CH(CH2CH3)CH(OH)CH2CH3 

[1] H H OH [2] H H BH —3 [3] | 4-ethyl-6-methyl-3-heptanol 
CH34-C-CH;-C-CH— CH;CH; CH3—C—CH»—C—CH—CHsCHg 

СНз CH2CH3 СНз CH2CHs 


7 carbons - heptanol 
Р 6-methyl — 4.ethyl 


1 -— 5-те ћу! 
uU ттт = [2] [3] 4-ethyl-5-methyl-3-octanol 
29 м ethyl 
H 
8 carbons - octanol 5 
d. 4 1 
[1] но—( -он [2] "e A e [3]  cis-1,4-cyclohexanediol 
cyclohexanediol cis 
e. 
П] Ho [2] но [3]  3,3-dimethylcyclohexanol 
(Of Of 
6 carbons - cyclohexanol 3,3-dimethyl 
f. HO HO 
[1] А [2] = [3]  (2R,3R)-2,3-butanediol 
Е 27 
HO H HO H 
4 carbons - butanediol 2R,3R 
9. OH [2] D OH [3] | 5-methyl-2,3,4-heptanetriol 
4 | 2 
[1] C 
ÓH OH ÓH OH 


7 carbons = heptanetriol 5-methyl 
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[1] [2] 
НЕ 9 


5 carbons - cyclopentanol 


à ч 
HO" | 
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trans-3- 
isopropylcyclopentanol 


3-isopropyl 


9.41 Use the rules from Answers 9.5 and 9.7. 


а ( ox ) d 


dicyclohexyl ether 


= 4,4-dimethyl 
Ro pM 


| 
OCH2CH2CH3 e. 


longest chain = 
heptane substituent = 
3-propoxy 


4,4-dimethyl-3-propoxyheptane 


И por 
4 f. 


ethyl isobutyl ether 
or 1-ethoxy-2-methylpropane 


9.42 Use the directions from Answer 9.4. 


. 4-ethyl-3-heptanol 
a. 4-ethyl-3-heptano | VQ" 
OH 
О „Он 
ог СТ 
CH3 СН: 


= 


b. trans-2-methylcyclohexanol 


c. 2,3,3-trimethyl-2-butanol 


| 
9! 

HO 3 

TK 
2 


d. 6-sec-butyl-7,7-diethyl-4-decanol 


«1 
В) 


1,2-epoxy-2-methylhexane 
or 2-butyl-2-methyloxirane 
or 2-methylhexene oxide 


ФЕ 
О 


2 О epoxy 


5 carbons = 
cyclopentane 
1,2-epoxy-1-ethylcyclopentane 
or 1-ethylcyclopentene oxide 


ca 
CH3-C-0-ÇC-CH; 

СНз СНз 
tert-butyl tert-butyl 


di-tert-butyl ether 


е. 3-chloro-1,2-propanediol 1 3 


ноу ТО 


OH 
f. diisobutyl ether ло 
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g. 1,2-epoxy-1,3,3-trimethylcyclohexane 1 i. (2R,3S)-3-isopropyl-2-hexanol 
3 1 
о 2 
—~3 OH 
h. 1-ethoxy-3-ethylheptane j. (2S)-2-ethoxy-1,1-dimethylcyclopentane 
1 
udi id сх 
2 
o + 
9.43 
Eight constitutional isomers of molecular formula C5H42O containing an OH group: 
ПУМИ ОН 1-pentanol ЗЛА јон 9-methyl-1-butanol `` јон 2-methyl-1-butanol 
1? alcohol 1? alcohol | 1? alcohol 
ү" 
2-pentanol | 
27 Мад У -2- 
2? alcohol 21 EH 2,2-dimethyl-1-propanol ECT 3-methyl-2-butanol 
1? alcohol OH 2? alcohol 


2-methyl-2-butanol 
3? alcohol 


| 2? alcohol 


P 3-pentanol Ac 
2 


9.44 Use the boiling point rules from Answer 9.8. 


a. | СНзСН>ОСНз (CH3)2>CHOH СНзСН>СН>ОН 
ether 2? alcohol 1? alcohol 
no hydrogen bonding hydrogen bonding hydrogen bonding 
lowest bp intermediate bp highest bp 


D. СН®СН>СН>СН>СН>СН: ^ CHgCHsCHsCHsCH2CH2OH = HOCH;CH;CH;CH?CH?CH20H 
no OH group one OH group two OH groups 
lowest water solubility intermediate water solubility highest water solubility 


9.45 Melting points depend on intermolecular forces and symmetry. (CH4),CHCH,OH has a lower 
melting point than CH;CH,CH,CH,OH because branching decreases surface area and makes 
(СН,),СНСН,ОН less symmetrical so it packs less well. Although (СН,),СОН has the most 
branching and least surface area, it is the most symmetrical so it packs best in a crystalline lattice, 
giving it the highest melting point. 


pu" NEN bu 


—108 °С —90 °С 26 °С 
lowest melting point intermediate melting point highest melting point 
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9.46 Stronger intermolecular forces increase boiling point. All of the compounds can hydrogen bond, 
but both diols have more opportunity for hydrogen bonding since they have two OH groups, 
making their bp's higher than the bp of 1-butanol. 1,2-Propanediol can also intramolecularly 
hydrogen bond. Intramolecular hydrogen bonding decreases the amount of intermolecular 
hydrogen bonding, so the bp of 1,2-propanediol is somewhat lower. 


Increasing boiling point 
— J»— 


“он ноу Ho он 
OH 
1-butanol 1,2-propanediol 1,3-propanediol 
118 °С 187 °С 215 °С 
9.47 
HSO, 
а. CH3CH2CH20OH ER снасн=сн; + НО 
Ман = 
b. СНзСН;СН;ОН CH&CH,CH,O Ма“ + Ho 
HCI 
с. CH3CH,CH,OH СНэСН»СН»С! + HO 
ZnCl 
HBr 
d. CH4CH5CH50H CH3CH2CH,Br + H20 
| 
e. сњасњењон  — 908 CH4CH;CH;CI 
pyridine 
РВгз 
f. CH4CH;CH;OH CH4CH,CHeBr 
TsCl 
. CH3CH;CH;CH H3CH,CH,OT 
g зер» pyridine CH3CH,CH,OTs 


[2] CH3CH Br 


1] NaH = 
HINA, овон Nar а CH3CH2CH2O0CH2CH3 


h. CHCH CHOH 


i. сњењењон -TSOI ‚ сн,сн,сн,оте 2IN@SH — сн.сн,сн,8н 
9.48 
a OH _ Ман (Ce Nat е OH __HeSO4 En * CT. H20 
> + Н, 
j o — к : EP он MES. NR. 
c pou HBr O“ А д [1] Ман (Cs [2] CH4CH;Br (Sooners 
d Kon __на с h Lon __РОСЊ__ А 
мш M pyridine 
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9.49 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 
product. 


tetrasubstituted disubstituted 
major product 


CHCH; CHsCH3 CHCHs 
b. ec TsOH CY . or 
trisubstituted ^ disubstituted 
major product 
TsOH 
d. | CH&CH;CH;CH;0H СНзСН>СН=СНЬ 
ОН " 
TsOH 
e. NS = < + 


tetrasubstituted disubstituted 
major product 


Two products formed 
by carbocation rearrangement 


9.50 The more stable alkene is the major product. 


OH 
pu» HSO, е9 + РЕЧ Г pe 


trans and disubstituted monosubstituted cis and disubstituted 
major product 


9.51 OTs is a good leaving group and will easily be replaced by a nucleophile. Draw the products by 
substituting the nucleophile in the reagent for OTs in the starting material. 


CH3SH 
а. CH4CH,CH;CH;-OTs aa = CH3CH,CHs,CHs—SCH3 + HOTs 
N 
NaOCH,CH 
b. CH,CH,CH,CH,-OTs — Sp  CH,CH,CH;CH;-OCH;CHs + Ма" -OTs 
N 
NaOH m 
C. СНзСНЬСН»СН»-ОТз S97  CH&CH,CH,CH,-OH + Ма" “OTs 
N 
К+ -ОС(СНа)з _ 
d. CH4CH;CH;CH;-OTs -  CH,CH,CH-CH, + (CH3&4COH + К+ -OTs 


E2 


9.53 
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HBr, 74 " d di d 2° Alcohol will undergo Sy1. 
вн н вг racemization 
OH м ur db. 1° Alcohol will undergo 512. 
n A А H 
2 нъ inversion 
SOCI 
idi - dd d ЗОСЬ always implies Sy2. 
те H CI inversion 
TsCl KI 
pyridine 7 5,2 aed Й 
А N | 
| TsO Н inversion n 
Configuration is maintained. 
C—O bond is not broken. 
NaH A= : сна B- ; 
E © H _ сњо Н 
b TsCl CH3O 
( ) = C= г SM Dz 2 
рупате E А 
TsO H 2 H OCH 
РВгз 5 CH3O 3 
© Е Ен. 


(2R)-2-hexanol 


CHO H 


Routes (a) and (c) given identical products, labeled B and F. 


9.54 Acid-catalyzed dehydration follows an E1 mechanism for 2° and 3° ROH with an added step to 
make a good leaving group. The three steps are: 
[1] Protonate the oxygen to make a good leaving group. 
[2] Break the С-О bond to form a carbocation. 
[3] Remove a В hydrogen to form the л bond. 
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:OH 
a. 
м et m 
overall - + ЊО 
The steps: | reaction 
j 
COH 
БЕ ~ СН + HSO 
VOR" + ЊО dia У SUUS 
+ HSO, or 
carbocation 
and a 
4. 
СНз 1,2-Н shift (С 
, CH 
ON CX И ELE dia + H,SO, 
2? carbocation 3? carbocation 

and 
QU usn 
H * HSO, 


Q CH, СН 
+ + H5SO, 


ec H 
: н NN бнз 
Өс; + H2O 

overall CH, 


reaction 
The steps: 

CH CH 
ne - з _ 1,2-CH3 shift СНз CH3 
СНз + HSO, Он + но — + H250, 
O-H + у Сн; 

G H CH3 
H 2° carbocation gso. E 

ia 4 


3? carbocation 
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9.55 
a. Б 
А в C D 
| (E1 with acid) ЦЕ? with Базе) | (E2 with base) | (E1 with acid) 
3,3-dimethyl- major 
cyclopentene product 


b. The best starting material to form 3,3-dimethylcyclopentene would be C since the alkene can be 
formed as a single product by an E2 elimination with base. 


9.56 With POCI; (pyridine), elimination occurs by an E2 mechanism. Since only one carbon has a В 
hydrogen, only one product is formed. With H2SO,, the mechanism of elimination is E1. А 2° 
carbocation rearranges to a 3° carbocation, which has three pathways for elimination. 


s + 
Он ал “а O = О: 
C HON | 9 
X : = 4 : —— У |+ E 
XN 
H 
V + CO 9 уу + ОРОСЬ 
"i 
XN 
H 
oso + 
‘OH СОР? 
к 1,2-СНз shift + 
E —— + HO т 
M 2? carbocation 3? carbocation 


+ HSO4 
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нѕо у 
H 


H b 
+ + no HSO, 
Hso SH 
3° carbocation 3° carbocation 3° carbocation 
X Y 2 
+ HS0, + H5SO, + H5SO4 


9.57 To draw the mechanism: 

[1] Protonate the oxygen to make a good leaving group. 
[2] Break the C-O bond to form a carbocation. 
[3] Look for possible rearrangements to make a more stable carbocation. 
[4] Remove а В hydrogen to form the л bond. 


Dark and light circles are meant to show where the carbons in the starting material appear in the product. 


Qu о о QX 


A 
H—OSO3H 
3 = 2? carbocation _) 
+ HSO, + HSO% + Н2804 


3? carbocation 


2° alcohol 


~ НВг Br H Н Br ol 
a. pu FW wu Ы po ee 511 = racemization 
S R 


HO н РВг; H Br РВгз follows 


Кор 512 = inversion. 
R 


Cl H на 2? alcohol 


~ на! К К ol 
pu PD. Е pw ow Sy1 = racemization 
с. s 


R 


HO н SOCI, Нн с SOCI, follows 


d. AS pridne „> бг = inversion. 
R 
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9.59 
Оон [1] НВГ AH 1,2-H shift Н Е Br The 2° alcohol reacts by 
3-methyl-2-butanol Т == о E ап Sy1 mechanism to 
[2] -H20 form a carbocation 
2° carbocation 3° carbocation that rearranges. 

я НВг n The 1? alcohol reacts with HBr 
nud UID od за НгО; / Bi d by an 5,2 mechanism. 

X | no carbocation intermediate = 

= :Br: .. по rearrangement possible 
H {Вг Bo + њо g р 


по carbocation 


9.60 Conversion of a 1° alcohol into a 1° alkyl chloride occurs by ап Sy2 mechanism. 52 mechanisms 
occur more readily in polar aprotic solvents by making the nucleophile stronger. No added ZnCl, 
is necessary. 


HCI 
R—OH ~ На 
HMPA 


polar aprotic solvent 
This makes СГ a better nucleophile. 


9.61 
A 
H—CI secs a 
A F — № +С — + Њо 
OH OH, + 
two resonance structures 
for the carbocation 
* с! 
CI 
gU X 
:Cl: 
m C 
9.62 
Н2504, NaBr 
CH3CH2CH2CH5OH x CH3CH2CH2CH2Br + CH3CHsCH=CH> 


overall reaction 
+  CHa3CH2CH2CH20CH5CH5CH2CHs3 


Step [1] for all products: Formation of a good leaving group 


ма | - 
CH,CH;CH;CH,—OH —Н_ОЗОзН . — CH,CH,CH;CH,—O-H + HSO; 
H 


Formation of CH3CH;CH5CH;Br: 


"a " 
НОНО = -|сњонгснонвт|- е) 


Br: 
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Formation of СНзСН>СН=СН.: 
CH,CH;CH; сн, 0H 


(Н H 
HSO, 


снасњен=сњј + њо + HSO, 


Ether formation (from the protonated alcohol): 


CH34CH5CH5CH5 Хон, CH3CH2CH2CH3 -Q- CH;CH;CH;CHs T H20 
H 


(C 
m HSO, 
CH3CH;CH;CH; — O-H 


оноњоњоњ-6 -оњаноњоњ + HSO, 


9.63 
a H 
.. 3 .. = Н 
| Он у бн ХУ, јат 3 Ge | 
б [e ~ ” б T á + HSO; . 
Q + О 
+ HSO; + HÖ | + H9SO, 
on 
A 
О 
+ 
9.64 
HSO, 
Áo ÁN + w 
OH OH OH 
+ HSO% + H20 + HS0, 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 249 


Alcohols, Ethers, and Epoxides 9—27 


9.65 
a. с. 
о N A CH3CH2OCH2CH2CH3 CH3CH4OCH;CH;CH3 
Со + m ABr +0 CH3CH2O — + BrCH2CHsCH3 CH3CH2Br + “OCHsCH2CH3 
2° halide 1° halide 1° halide 1° halide 
less hindered RX 
preferred path Neither path preferred. 


b. os ire 
| Вг P 
о- + ОСНЊСЊСНа 
Cy + BrCH;CH4CHs 


1° halide 2° halide 


less hindered RX 
preferred path 


9.66 A tertiary halide is too hindered and an aryl halide too unreactive to undergo a Williamson ether 


synthesis. 
Two possible sets of starting materials: 
H 
"mim Br СНз СНз o 
~ CY + “O-G-CH3) Br-C-CH, + CY 
3 Сн» СН 

aryl halide 3? alkyl halide 

unreactive т Sy2 too sterically 

hindered for Sy2 
9.67 


a. (CHg4COCH;CH,CHa —9"— (CHj4CBr + BrCH,CH,CHg + ЊО с. O Her O + CHgBr 
(2 equiv) (2 equiv) + НО 


b. ( о HBr. - (в + НО 
(2 equiv) 


| 
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9.68 
a. СНз overall reaction "E wie: 
(0. Сн; I 
(~ 
H—I 
The | 
CH 7 + > 
3 gus 
65 +I ——— H, + „СНз н. СНз н + CH 
"i mnt = 85 | 
| Сн» le бв H сна 
H—I 
b -— À МНЕ и a + Hə + NaCl 
v CIS Nk He + ма Sese 
9.69 
LC N "TJ 2 - 
десна и ococr, Drm о ДР OH сн, 
B (сн; “сна + б=н 
a CH3 
+ CF4CO; CF4CO;* + CF4CO;H 
9.70 
О, о 
A2 HBr A []нс=с- _ 
a. H^ н BrCH;CH;OH d. ну Сон - HC=C—CH,—CH,OH 
M H н іно 
О 
jx О е 
С—С, Но / [1] "OH 
b. ну бун т НОСН»СН2ОН в. Hy C Сен HOCH;CH;OH 
О 
/N [1] CH3CH207 А - 
С—С, f „С—С,, [1] СНз5 
C ну’ NH сњењосњењон f HA ҷун CHSSCH;CH;OH 
H н рњо H H тү" 
9.71 
8 CH4CH;OH Ce р BH 
бз H oe CH;CH,O H 
CH, 


[1] CH3CH,0- Nat 
[2] H2O 


““OCHsCH3 


О он 
à on [1] NaCN p 
| [2] НО 
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9.72 
H Cl H Cl 
NENG | d CH 1/2 H, CH, The 2 СНз groups are anti in the 
а. ^ / VCH / NCH СНз сан starting material, making them 
H-O: н“ 3 A H'? ү trans in the product. 
Na*H Сана 
СН CI H Cl 
ац / Ны 2-9 СНз „СНз The 2 СНз groups are gauche in the 
b A S бин КО 3 Нас çH starting material, making them 
H—-O: н“ 3 oi / M СНз M cis in the product. 
C4HgO 
Na*H dis 
а! OH Cl CH CI СНз 
\ / rotate N ГА су /- а СНз H 
©: Г е — $—« E $C backside. Hx,  cCHs 
Е "CH т E 
снаја CH снаја КАП cuf br attack v 
C4HgO 
Na*H:- 
9.73 
.. IOE 
:0 T ЕЕ 
S y онон. A) pon "E 
CHCHÓ; — 7 а C CH4CH20CHz СНз 
9.74 


а. (1R,2R)-2-isobutylcyclopentanol f. NaH 
b. 2? alcohol m] 


HO О 
т» | 
НО И HS0, "T " TD 
A > 
a! J 


c. stereoisomer HO 


TS РОС!» 


bt [3] "T 
ridine 
HO 


УМ HCI | 


(1/,25S)-2-isobutylcyclopentanol [4] 


d. constitutional isomer 


ridine ~ 
Hof ру cr 
OH 
И TsCl 
(1S,3S)-3-isobutylcyclopentanol [6] m 
+ рупдїпе 
е. constitutional isomer with an ether 
Уру 


butoxycyclopentane 


TO 
У SE 5001, TO 
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9.75 
KOC(CH3)s 
a. OTs Bulky base favors E2. 
b. n OH HBr А Br Keep the stereochemistry а the stereogenic 
Я E center [*] the same here since no bond is 
H CH3 H CH3 broken to it. 
H] -CN 3CH2 Эн dc Пен TT 
CH.CH „с—© “н Heo c, * c—c^ ?"? identical 
PO E. Y [2] H20 / NH CHCH \ 
H CH2CH3 NC CHCH ан CN 
OTs H 
| Ww ter E 
(Снајас H 5х2 (СНз)зС zh 
inversion 
PBr 
Он e" 
E Б inversion 
СНз СНз 
, a a ш TsCl ie ои CH,CO, а 
| нъ pyridine HD HD 
OH Br 
g о HBr Ө! И 
"Br OH 
„ОСНа 
[1] NaOCHs OH 
h. о eos ES 
2] H2O 2 
[2] H2 осн, OH 
CX NaH eui CH4CH4I OC 
1. 
CHCH; CHCH; CH2CH3 
| CH; СНз 
і снсн-с-0-0њ — ae CHsCHy-C—I + I-CH, + ЊО 
CH, (2 equiv) бн» 
9.76 
Р “Хон i p SES 
РВгз 
НСІ, 2пС1 
b. он т NxN а 
ЗОСЬ, рупате 
[1] Na* H7 _ [2] CH3CH,Cl 
с. ы SS OSG Se eae 
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[1] TsCl, pyridine 


d. ~ “он 


Џ 
Маке OH а good leaving 
group (use TsCl); then add Ма“. 


OH HCI es 
or 


ЗОСЬ, pyridine 


dira 
Qr 
cP 


OH [1] ма“ H- CY? [2] СНС! уз 


OH [1] TsCl, pyridine OTs [2] -CN CN Make OH a good 
T= к cod leaving group (use TsCl); 
then add "CN. 


9.78 
(a) = HBr oq (b) = KOC(CHgs 
“7 or PBr3 or other 
strong base 


CY 
N T OTS (а) = KOC(CH3); Ф 


е) = 

= TsCl, pyridine or other 
H5SO, or strong base 
TsOH 


NBS (f) = KOC(CH3)s 
@ ог оїһег 


strong base 


OH 
(9) = NaH (h) = Ра 
О + enantiomer 
Cl "ОН, НО “OH 
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9.79 


OH :0: 


9.80 
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"ms 


О 
CO s sen " 
proton 
transfer 
о ah 
H 
OH 


propranolol 


a. All 2° OH groups on stereogenic centers are circled (40 stereogenic centers). 


palytoxin 


This carbocation is resonance stabilized, 
so loss of H20 to form it is easier than 
loss of H5O from a 2? alcohol, where the 
carbocation is not resonance stabilized. 


Mog је Ne В ji 

b. | R-C-OH R—-C-OHp R-C+t = = вс 
OR' OR' Сов +OR' 

hemiacetal resonance-stabilized cation 


+ HÖ 
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9.81 If the base is not bulky, it can react as a nucleophile and open the epoxide ring. The bulky base 
cannot act as a nucleophile, and will only remove the proton. 


H N(CH2CH3)2 
с) Li* 


LS 
О 


om т ol +  HN(CH;CHgo + LiOH 
pr М OH 


9.82 First form the 2? carbocation. Then lose a proton to form each product. 


H H H 
| / + | N 1,2-shift | . 
CHSCH;-C- CH; -OH H-OH,——* CHsCH2?- C -CH?- OH» = CH.H,-C-CH, + HÖ: 
ii .. |“ + = H 
+ H,O: 
1° alcohol no 1° carbocation 2° carbocation 
at this step 
1 | 
CHsCHs - C СН — | CH3CH,-C=CH, =  CH$CH;CH-CH, 
t ya 
HO: m 
+ нб + 
| CH, H н H 
D X / 
CHs- CH C-CHs - C=C + C=C + HÖ + 
aa HCH, CH, н, 
uà.) 
9.83 
S te СН. 6 
pp n-/óso.H Сен m 1,2-СНа Coa 
ОНО 0 = CH4-C—C-CHs > СНз C C CH3 = CH =0— C, 
CH,CH; бнз» бс эт CH, ` CHo 
pinacol + HSO; + H20: 
CH; :0: СНз р но. 
y 
HSO, + CHs-C— C. -— CH- с A 
CH3 CH3 CH, ‘CH, 
pinacolone 
9.84 
1 7: Ó 
:0-H 5—{ oO 
= О H 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 


Alkenes 10-1 


Chapter 10: Alkenes 


* General facts about alkenes 


Alkenes contain a carbon-carbon double bond consisting of a stronger o bond and a weaker л bond. 
Each carbon is sp? hybridized and trigonal planar (10.1). 

Alkenes are named using the suffix -ene (10.3). 

Alkenes with different groups on each end of the double bond exist as a pair of diastereomers, 
identified by the prefixes Е and Z (10.3B). 


Two higher priority groups on Two higher priority groups on 
opposite sides the same side 
= сн. „СНз = сн» њен -— 
C=C C=C 
А \ / \ 
H CH2CH3 = H CH3 
E isomer Zisomer 
(2E)-3-methyl-2-pentene (22)-3-тећу!-2-ретепе 


Alkenes have weak intermolecular forces, giving them low mp's and bp's, and making them water 
insoluble. A cis alkene is more polar than a trans alkene, giving it a slightly higher boiling point 
(10.4). 


cis-2-butene trans-2-butene 
more polar isomer — cob с=с -—- less polar isomer 
/ N / N 
H | H H СНз 
а small net dipole no net dipole 
higher bp lower bp 


Since a x bond is electron rich and much weaker than a o bond, alkenes undergo addition reactions 
with electrophiles (10.8). 


€ Stereochemistry of alkene addition reactions (10.8) 


A reagent XY adds to a double bond in one of three different ways: 


Syn addition—X and Y add from the same side. 


, H=BH, HM ВН © | | 
с=с sC-C,, • Syn addition occurs in hydroboration. 
Ld ~ “y < 


Anti addition—X and У add from opposite sides. 
X ~ 


"uen X2 "EN * Anti addition occurs in halogenation and 
TU. p DA 5 halohydrin formation 
Xp, ЊО X(OH) y " 


Both syn and anti addition occur when carbocations are intermediates. 


= H Хон) H > • буп and anti addition occur in 
В н-х Y- с^ | 
"77. m EE odi and „0-С hydrohalogenation and 
or 4 У 4 (OH) | 
H20, Н hydration. 
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* Addition reactions of alkenes 
[1] Hydrohalogenation—Addition of HX (X = Cl, Br, I) (10.9-10.11) 


• The mechanism has two steps. 

e  Carbocations are formed as intermediates. 

alkyl halide e  Carbocation rearrangements are possible. 

e Markovnikov’s rule is followed. Н bonds 
to the less substituted C to form the more 
stable carbocation. 

• Syn and anti addition occur. 


[2] Hydration and related reactions—Addition of H20 ог ROH (10.12) 


RCH=CH, + H-OH "uso, | R-CH-CH, For both reactions: 
он H * The mechanism has three steps. 
alcohol e Carbocations are formed as intermediates. 
e Carbocation rearrangements are possible. 
e Markovnikov’s rule is followed. H bonds 
RCH=CH, + H-OR > | R-CH-CH to the less substituted C to form the more 
Heed OR H stable carbocation. 
ether • буп and anti addition occur. 


[3] Halogenation— Addition of X, (X = Cl or Br) (10.13-10.14) 


RCH=CH, + X-X R—CH-CH> • The mechanism has two steps. 
хх * Bridged halonium ions are formed as 
intermediates. 
* Norearrangements occur. 
* Anti addition occurs. 


vicinal dihalide 


[4] Halohydrin formation—Addition of OH and X (X = Cl, Br) (10.15) 


RCH-CH, + X-X R-CH-CH, * The mechanism has three steps. 

H20 ÓH X * Bridged halonium ions are formed as 
intermediates. 

* Norearrangements occur. 

e X bonds to the less substituted C. 

* Anti addition occurs. 

¢ NBS in DMSO and H20 adds Br and OH 


in the same fashion. 


halohydrin 


[5] Hydroboration-oxidation— Addition of H20 (10.16) 
RCH=CH, [1] BH or 9-BBN R-CH-CH, e Hydroboration has a one-step mechanism. 
[2] H20;, HOT ü OH * No rearrangements occur. 
* OH bonds to the less substituted C. 
• Syn addition of H5O results. 


alcohol 
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Chapter 10: Answers to Problems 


10.1 
Six alkenes of molecular formula C5H9: 
trans cis 
diastereomers 


10.2 To determine the number of degrees of unsaturation: 
[1] Calculate the maximum number of H's (2n + 2). 
[2] Subtract the actual number of H's from the maximum number. 
[3] Divide by two. 


а. СН» 
[1] maximum number of H's = 2n + 2 = 2(2) +2=6 
[2] subtract actual from maximum = 6 - 2 = 4 


d. C7HgO 
Ignore the O. 
[1] maximum number of H's = 2n + 2 = 2(7) + 2 = 16 


[3] divide by two = 4/2 = 2 degrees of unsaturation 


[1] maximum number of H's = 2n + 2 = 2(6) + 2 = 14 
[2] subtract actual from maximum = 14 —6 = 8 

[3] divide by two = 8/2 = 4 degrees of unsaturation 
. CgHig 

[1] maximum number of H's = 2n + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 18 = 0 

[3] divide by two = 0/2 = 0 degrees of unsaturation 


[2] subtract actual from maximum = 16 – 8 = 8 
[3] divide by two = 8/2 = 4 degrees of unsaturation 


. C7H,,Br 


Because of Br, add one more H (11 + 1 H= 12 H's). 
[1] maximum number of H's = 2n + 2 = 2(7) + 2 = 16 
[2] subtract actual from maximum = 16 – 12 = 4 

[3] divide by two = 4/2 = 2 degrees of unsaturation 


‚ СыНом 


Because of М, subtract one Н (9 — 1 H = 8 H's). 
[1] maximum number of H's = 2n + 2 = 2(5) + 2 = 12 


[2] subtract actual from maximum = 12 – 8 = 4 
[3] divide by two = 4/2 = 2 degrees of unsaturation 


10.3 


One possibility for СН о: 
c. a compound with 2 rings 


pu 
Q d. a compound with 1 triple bond — 
10.4 To name an alkene: 


b. a compound that has 1 ring and 1 x bond 
[1] Find the longest chain that contains the double bond. Change the ending from -ane to -ene. 
[2] Number the chain to give the double bond the lower number. The alkene is named by the first 
number. 
[3] Apply all other rules of nomenclature. 


a. a compound that has 2 x bonds 


To name a cycloalkene: 

[1] When a double bond is located in a ring, it is always located between C1 and C2. Omit the “1” 
in the name. Change the ending from -ane to -ene. 

[2] Number the ring clockwise or counterclockwise to give the first substituent the lower number. 

[3] Apply all other rules of nomenclature. 


260 | | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 10—4 


3-methyl 
1 | 
т 
а. [1] CH5—- CHCH(CH3)CH2CHs [2] СН = CHCHCH;CHs [3] 3-methyl-1-pentene 
5 C chain with double bond 1-pentene 
pentene 
3 
b. [1] (CH3CH2)2C — CHCH?CH?CHs [2] T mc pU TUN [3] 3-ethyl-3-heptene 
7 C chain with double bond "| 3-heptene 
heptene 3-ethyl 
2-ethyl 
c. [1] С | [2] pO 4-methyl [3] 2-ethyl-4-methyl-1-pentene 
ёч 1 — 
5 С chain with double bond 1-pentene 
pentene 
= 
д. [1] [2] [3] 3,4-dimethylcyclopentene 
4 3 
ми 
5 C ring with a double bond 3,4-dimethyl 
cyclopentene 
1-methyl 


e. [1] о: [2] | N А [3] 5-tert-butyl-1-methylcyclohexene 
5-tert-butyl 


6 C ring with a double bond 
cyclohexene 


10.5 Use the rules from Answer 10.4 to name the compounds. Enols are named to give the OH the lower 
number. Compounds with two C-C's are named with the suffix -adiene. 


[1] [2] | | [3] 4-ethyl-3-hexen-1-ol 


а. a OH = он 
ae at 
4-ethyl 


6 C chain with double bond 


hexene | 
1] он [2] | он [3] 5-ethyl-6-methyl-7-octen-4-ol 
b. 
< xN 
Бн Б 6-methyl 
8 C chain with double bond 
octene 5 
[1] [2] | | [3] 2,6-dimethyl-2,5-heptadiene 
с. 2 ~ 2 SL 
SY 2-methyl 


6-methyl 
7 C chain with two double bonds 
heptadiene 
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10.6 To label an alkene as Е or Z: 
[1] Assign priorities to the two substituents on each end using the rules for R,S nomenclature. 
[2] Assign E or Z depending on the location of the two higher priority groups. 
* The E prefix is used when the two higher priority groups are on opposite sides. 
* The Z prefix is used when the two higher priority groups are on the same side of the double 
bond. 


higher priority —- СНз Ps 
a. Pie | И higher priority — OCH; 
H Br ~—— higher priority 
Two higher priority groups are 
on opposite sides: E isomer. 


c. -— higher priority 


О 


higher priority — СеН5 № 
H higher priority 


high iority — CH4CH CHCH -——higher priorit . 
b Tuner. pr Ory 3 tad э чер Џ kavain 
н ‘CH, In both double bonds, the two higher priority groups are on opposite 


Two higher priority groups are sides: Е isomers. 


on the same side: Z isomer. 


10.7 To name an alkene: First follow the rules from Answer 10.4. Then, when necessary, assign an E 
or Z prefix based on priority, as in 10.6. 


2-hexene 
СНз нәСнгСна higher priority —-CH; о. 
а. [1] С=с [2] с=с [3] (2E)-3-bromo-2-hexene 
H Br Ealkene Н = higher priority 
6 C chain with double bond 
hexene 3-bromo 
3-decene 


CHa7— 9,9-dimethyl 
СНаСН› CH;CH;CH;CH,C(cH,, higher priority —- CH;CH; „Сньонгснгон,Сонь -— higher priority 


N 
p. [1] с=с [2] PTS CH3-— 9,9-dimethyl 
носы aien н сфњ 
10 C chain with double bond 4-ethyl — [3] (3Z)-4-ethyl-9,9-dimethyl-3-decene 


decene 


| 
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10.8 To work backwards from a name to a structure: 
[1] Find the parent name and functional group and draw, remembering that the double bond is 


between C1 and C2 for cycloalkenes. 


[2] Add the substituents to the appropriate carbons. 


a. (32)-4-ећу!-3-ћерјепе The higher priority groups are с. (12)-2-bromo-1-iodo-1-hexene The double bond is 
on the same side - Z. between C1 and C2. 


7 carbons | | 6camons RK 
T | Br 
| 7— 4-ethyl | 


The double bond is The high iorit 
between C3 and C4. OTRO АНЕ det > d 


b. (2E)-3,5,6-trimethyl-2-octene The double bond is 
between C2 and C3. 


8 carbons | 
ЕА АМ 
The higher priority groups 


are on opposite sides - E. 3.5 6-trimethy! 


10.9 Draw all of the stereoisomers and then use the rules from Answer 10.6 to name each diene. 


2 


(2E,4E)-2,4-hexadiene (2Е,42)-2,4-һехааіепе (22,42)-2,4-ћехадепе 


10.10 То rank the isomers by increasing boiling point: 
Look for polarity differences: small net dipoles make an alkene more polar, giving it a higher 


boiling point than an alkene with по net dipole. Cis isomers have a higher boiling point than 


their trans isomers. 
CHa СНз снсну Н CHCH, CHCH 
aS 6 FROM 
CH, “СНз H Усн,сь H H 
All dipoles cancel. Two dipoles cancel. Two dipoles reinforce. 
smallest surface area no net dipole net dipole 
no net dipole trans isomer cis isomer 
lowest bp intermediate bp highest bp 


10.11 Recall from Section 5.13B that the odor of a molecule is determined more by shape than by 
functional groups. That is why the R and S isomers of limonene smell so differently. 


A 


(R)-limonene (S)-limonene 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 263 


Alkenes 10-7 


10.12 Increasing number of double bonds = decreasing melting point. 


О 
O nn он 
stearic aci 
i Е GH no double bonds 
SS SS highest melting point 
stearidonic acid О 
4 double bonds 
lowest melting point d 2 OH 
EN 
linolenic acid 
3 double bonds 


intermediate melting point 


10.13 


Br 
а: [ EM (2— ш [= b. P NaOCH;CH, | СН2=СНСН»СН»СН»СНз 
н See за Е + 


CH3CH=CHCH2CH2CH3 


10.14 To draw the products of an addition reaction: 
[1] Locate the two bonds that will be broken in the reaction. Always break the л bond. 
[2] Draw the product by forming two new o bonds. 


H H 
на! | СНз на CH 
a. [5 — two new o bonds с. or gine 3 two new o bonds 
vi CH EH. 
| ° а! 
на! T 
b. CH3CH2CH2CH-CHCH;CH?CHS — Снасн;сн; - C- C CHICH;CHs 
H Cl 
two new o bonds 
10.15 Addition reactions of HX occur in two steps: 
[1] The double bond attacks the H atom of HX to form a carbocation. 
[2] X attacks the carbocation to form a С-Х bond. 
transition state transition state 
step [1]: + step [2]: " 


H H 

H H -H---Cl: 

m NE Cx [2] CX C я Ө! . 
C № Е а > 5" Cl: 


H 


| 
| 
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10.16 Addition to alkenes follows Markovnikov's rule: When HX adds to an unsymmetrical alkene, the 
H bonds to the C that has more H's to begin with. 


no H's 2 H's 
CI да H MN и 
CH CH;—H 
CH 3 2 
а. на а! P dd d HCI а 
н ff їн, 
| " H no H's 
one H CI adds here. 
H adds here. 
no H's 
CI adds here 
CH CH 
4 на [^9 
b Keg а 
СНз | CH; H 
2 H's 
H adds here. 


10.17 To determine which alkene will react faster, draw the carbocation that forms in the rate- 
determining step. The more stable, more substituted carbocation, the lower the Е, to form it and 


the faster the reaction. 


сњ Н Сна CH, H 
\ 7 \ \ + 
jos Wm £76 CH;CHCH» 
od H CH, H H C H ^ H 
H-X 3° carbocation H—X 2? carbocation 


faster reaction 


slower reaction 


10.18 Look for rearrangements of a carbocation intermediate to explain these results. 


A 
бн, Н-@ 
CI H H 
+H H 
^ Nir 1,2-H shift 
+ СЕ: + пече 4 | = 
a | EM = : ДА: сна Cl 
мо сна сын * © CH; | 


1-сНого-3- 


2° carbocation 2? carbocation 3? carbocation 


methylcyclohexane 


Rearrangement would not further 


stabilize this carbocation. 


1-chloro-1- 
methylcyclohexane 
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10.19 Addition of HX to alkenes involves formation of carbocation intermediates. Rearrangement of 
the carbocation will occur if it forms a more stable carbocation. 


H CH3 H СНз Н СНз 
/ 
а. С=С ~ H-C-C-CH,CH; ~ H-C-C-CH;CH; 
H СН»СНз H H Br 
3? carbocation 
no rearrangement 
p M bn "n b an 
с=с = СНз=-С=С-СНСНз +  CH$4-C-C- CH;CHS - СНз-С-С-СНСНз + CH3-C—C—CH,CH 3 
/ X | == + | || | | 
H СН2СНз H H H Br Br H 
(cis or trans) 2? carbocation 2? carbocation 
Rearrangement would not further 
stabilize either carbocation. 
no rearrangement 
CH. H нн н CHs H CH; СНз 
И | | | | 1.2-H shift | | | 
с. C=C = сн.-с-с-снену, + Снз-С-С-СН(СНа): > CHs-C-6—6-CHs 
H СН(СН.)> Tel 4 
(cis or trans) 2° carbocation 2° carbocation 3° carbocation 
Rearrangement would not further rearrangement more stable 
stabilize the carbocation. 
"n сы 
CHs-C-C-CH(CH3)? CH,-C-C—C-CHs 
HH Br 


Br H 


10.20 То draw the products, remember that addition of HX proceeds via a carbocation intermediate. 


Addition of H* (from HBr) 


from above and below gives | Addition of Br- from 
an achiral, trigonal planar carbocation. above 
a. CH3 | CH; H and below. CH3 4 СНз 
СН; CH3 А H СН; (Br СН; авг 
СНз СНз СНз CH; 
enantiomers 


Addition of Н“ (from НСІ) from above and 
below by Markovnikov's rule forms 


an achiral 3? carbocation. from above 
and below. 
“СН 
В cH сы CMs Gha ch 0 oS | 
i с + CI 
4 H 
diastereomers 


achiral, trigonal planar 
3? carbocation 


СГ attacks 
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10.21 The product of syn addition will have H and CI both up or down (both on wedges or both 
dashes), while the product of anti addition will have one up and one down (one wedge, one 


dash). 
СНз СНз CH; Он» 
ӨН н m M =H 
DO * —CI ue 01 
CH3 CH3 CH3 CH, 
A B С D 
syn addition anti addition anti addition syn addition 
10.22 
СНз CH2CH2CH3 CH3 
а. CHs-C-CHCH;CH; = CH)= d or 'C- CHCH;CHs 
OH CH CH 
H* would add here to form 3 H* would add here to form 
a 3? carbocation. 


a 3? carbocation. 


СНз 
6. [ Г PaL Сү 
=) 
H* would add here to form 


H* would adi here to form а 3° carbocation. 


а 3? carbocation. 
аА or CH3CH=CHCH 3 


UO — 
Н+ would add here to form (© or trans) 


a 2° carbocation. 


10.23 
н, Он HO, 
H20 S S 
ZUM = bou + b wr) 
1-pentene #50, enantiomers 


10.24 The two steps in the mechanism for the halogenation of an alkene are: 
[1] Addition of X^ to the alkene to form a bridged halonium ion 


[2] Nucleophilic attack by X^ 
transition state [2]: 


transition state [1]: 


X M 
/ + 5" 
z + " x* :Х 
\ tU [| зер Сх: Step [2] X: Sa ТА 
C= — C-C Tae —F=6— m | 
T \ 7 \ Қ 0 # N Zr  % 
dL =X: :X: 
:Х: = 8 
10.25 Halogenation of an alkene adds two elements of X in an anti fashion. 
| CH3 


CT Ou 
" 
“Cl 


B Br Br 
[o 3 
"E Ew d Cr = 


"Br Br 
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10.26 To draw the products of halogenation of an alkene, remember that the halogen adds to both ends 
of the double bond but only anti addition occurs. 


a 
a. 


СІ Cl 
«UL 
or ‘Cl ==С! 
CH3 CH, 
enantiomers 


Br. 
с. сњ- Y ов + ae 


Br Br Br Br 
diastereomers 


achiral meso compound 


10.27 The two steps in the mechanism for the halogenation of an alkene are: 
[1] Addition of X^ to the alkene to form a bridged halonium ion 
[2] Nucleophilic attack by X^ 


СНз,, 


trans-2-butene н” 


С=с 


Addition of Br* can occur 


ни. бе H 
H :Вг—Вг: Вг ech, 


"CH, overall сн; ls 
H 


from above or below: = 
above below 
+ он owl 
:Вг: С—С; 
CH3., у“ —— enantiomers — H^ Mj. “СНз 
н“ ‘CH; v 
Attack of Вг can occur ; | 
from the left or right: left right left _ | right — 
+ :Br: + :Вг 
+ + oe ee 
:Вг: :Br5 
Ha n uc du CHa, oH DAC 
H СНз H CH3 + у x~ + T “ 
ES = H7 gf. “Сна HT он 
..— _ T + 
+ ‘Br: | E :Br: | 
Сз ве :Br H :Вг H Сз Bn 
А о Ga CHs M. асн; E d 
бан qug e M Сбн 
e На“ .. у m .. 
:Br СН 3H Br: 3H Br: :Вг СН 


All four compounds are identical—an achiral meso compound. 
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10.28 Halohydrin formation adds the elements of X and OH across the double bond in an anti fashion. 
The reaction is regioselective so X ends up on the carbon that had more H's to begin with. 


Br, HO CH СНз „СНа 
" > NBS | у " ?: qi он OH 
DMSO, Но E 1 * | 
НО Br H20 CI Кој 
CI bonds to the carbon 
with more H's to begin with. 
10.29 
Н св Н CH;CHs H CH;CH;CH;CHs 
а. (СНз)25: H-B-S:* b. (CH3CH5)sN : H-B—Nz CHCH; с. (СНзСН»СН»СН»)3Р: H—B—Pr CH;CH;CH;CH; 
н СН Н CH;CH; Н CH;CH;CH;CHs 


10.30 In hydroboration the boron atom is the electrophile and becomes bonded to the carbon atom that 
had more H's to begin with. 


CH; CH; 


с— BH \ 
а. PECH 22118. СНз-С- Сн, с. [ 9-9 _ВНз_ Усна, 
cH | н вн, | 


C with more H's. C with more H's. 


B will add here. B will add here. 
BH 
b. dii bd 3 ање 
C with more H's. H 
B will add here. 


10.31 The hydroboration-oxidation reaction occurs in two steps: 
[1] Syn addition of BH;, with the boron on the less substituted carbon atom 
[2] OH replaces the ВН; with retention of configuration. 


a. CHCH;cH-CH, —ВНз__ cH. cH;cH- CH; н» ОН, CH;CH;CH- CH; 
1 вн н OH 
CH;CHs CHCH; „CHCH; _ CH;CHs „CHCH; 
C P or cg ос OS 
"^ BH, BH; “OH OH 
с. cH )-оњ BH; СНз а сњ (уњ 
H * H 
BH, BH, 
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10.32 Remember that hydroboration results in addition of OH on the less substituted C. 
OH 
HO 


^p^ aks 


OH (E or Zisomer can be used.) 
10.33 
OH Hydration places the OH 
і Wen CH3 on the more substituted carbon. 
PM []BHs __ NM Hydroboration-oxidation places the OH 
[2] НО», HO on the less substituted carbon. 
OH 
HO Hydration places the OH 
e on the more substituted carbon. 
HSO, 
[1] ВНз рЫ Hydroboration—oxidation places the OH 
[2] ЊО», HO on the less substituted carbon. 
NEL Hydration places the OH 
А т on the more substituted carbon. 
2 4 
peu ВН __ uo, ДА Hydroboration-oxidation places the OH 
[2] [2] H5O5, HO НО“ on the less substituted carbon. 


10.34 There are always two steps in this kind of question: 
[1] Identify the functional group and decide what types of reactions it undergoes (for 
example, substitution, elimination, or addition). 
[2] Look at the reagent and determine if it is an electrophile, nucleophile, acid, or base. 


А асіа: 
acid catalyzes loss of HO 
HBr CH2CH2CH; H,SO 
Он = Op s CORP о 
Br OH 
_alkene: | alcohol: 
addition reactions substitution and elimination 
nucleophile and base 
а! | ОСН: 
b. РУ _Маоснз _ pex + > 
2° alkyl halide: + CHgCH2CH=CHCHs 


substitution and elimination (cis and trans) 
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10.35 То devise a synthesis: 


[1] Look at the starting material and decide what reactions it can undergo. 
[2] Look at the product and decide what reactions could make it. 


са аи: 


ој Cl 
OH 


halohydrin: 
Can form from an 


alkyl halide 
Can undergo 
substitution and elimination. 


K* 7 H с! 
Ро OC(CH3)s pw °? б 
H20 OH 


4 
OH is added to 


the more substituted C. 


alkene with Clo and НО. 


CH3 


? 
b. E EM 


alcohol 
Can undergo 
substitution and elimination. 


в и 
ОН 
alcohol 


Can be formed by 
substitution and addition. 


Сн; 
Cu H;SO, oe [1] BH og 
[2] H205, HO OH 
(major P d 
product) OH is added to 


the less substituted C. 


10.36 Use the directions from Answer 10.2 to calculate degrees of unsaturation. 


a. C3H4 

[1] maximum number of H's = 2n + 2 = 2(3) +2 = 8 
[2] subtract actual from maximum = 8 – 4 = 4 

[3] divide by 2 = 4/2 = 2 degrees of unsaturation 


[1] maximum number of H's = 2n + 2 = 2(6) +2 = 14 
[2] subtract actual from maximum = 14 – 8 = 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


- CagHs¢ 
[1] maximum number of H's = 2n + 2 = 2(40) + 2 = 82 
[2] subtract actual from maximum = 82 — 56 = 26 
[3] divide by 2 = 26/2 = 13 degrees of unsaturation 


. CgHgO 
Ignore the O. 
[1] maximum number of H's = 2n + = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 8 = 10 
[3] divide by 2 = 10/2 = 5 degrees of unsaturation 


. C10H1602 
Ignore both O's. 
[1] maximum number of H's = 2n + = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 — 162 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


f. СаНоВг 
Because of Br, add one Н (9 + 1 = 10 H's). 
[1] maximum number of H's = 2n + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 10 = 8 
[3] divide by 2 = 8/2 = 4 degrees of unsaturation 


g. CgHgCIO 
Ignore the О; count Cl as one more H (9 + 1 = 10 H's). 
[1] maximum number of H's = 2n + 2 = 2(8) +2= 18 
[2] subtract actual from maximum = 18 — 10 = 8 
[3] divide by 2 = 8/2 = 4 degrees of unsaturation 


h. C;HgBr 
Because of Br, add one H (9 + 1 = 10 H's). 
[1] maximum number of H's = 2n + 22 2(7) +2 = 16 
[2] subtract actual from maximum = 16 —10 2 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


СНИМ 


Because of М, subtract one H (11 — 1 = 10 H's). 

[1] maximum number of H's = 2n+ 22 2(7) +2= 16 
[2] subtract actual from maximum = 16 — 10 = 6 

[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


j. C4HgBrN 


Because of Br, add one H, but subtract one for N 
(841—128 H's). 

[1] maximum number of H's = 2n + 2 = 2(4) +2 = 10 
[2] subtract actual from maximum = 10 — 8 = 2 

[3] divide by 2 = 2/2 = 1 degree of unsaturation 
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10.37 First determine the number of degrees of unsaturation in the compound. Then decide which 
combinations of rings and x bonds could exist. 


C4o0H44 possibilities: 

[1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 4 x bonds | 

[2] subtract actual from maximum = 22 – 14 = 8 3 x bonds + 1 ring 

[3] divide by мо = 8/2 = 4 degrees of unsaturation 2 1 bonds + 2 rings 
1 x bond + 3 rings 
4 rings 


10.38 The statement is incorrect because in naming isomers with more than two groups on a double 
bond, one must use an 272 label, rather than a cis/trans label. 


E ОЕ 
g^ ^ priority 
priority 
higher CX higher 
[ priority priority 
oy CH2CH3)2 а CH2CH3)2 
enclomiphene zuclomiphene 
E isomer 2 isomer 


10.39 Name the alkenes using the rules in Answers 10.4 and 10.6. 


CH3 
| 
а. СН=СНСН,СН(СНз)Сн,СНз СН,= СНСН,СНСН,СНз 4-methyl-1 -hexene 
6 C chain oo bond = 1-пехепе 4-methyl 
| 2-methyl —— d 
b. [мт 5-ethyl-2-methyl-2-octene 


NU 2-octene 
8 C chain with a double bond = 


octene 
2-isopropyl 
с. 2-isopropyl-4-methyl-1-pentene 
|| ~— 1-ретепе 
5 C chain with a double bond = 4-methyl 
pentene 
—3- higher ,. 2E)-3,5-dimethyl-2-hexene 
d. Она. „СНз єн. „СНз 3-methyl priority CHs /CHs (2E)-3,5-di y 
с=с сс CHs7—5-methyl с=с 
н Сн.СН(СН;) не | ScH.CHCH, H CH;CH(CH3);-— апе, 
2-hexene Higher priority groups EIS 
6 C chain with a double bond = are on opposite sides = 
hexene E alkene. 


e. z -5-i 
v" ows 1-ethyl 1-ethyl-5-isopropylcyclohexene 


6 C ring with a double bond = 5-isopropyl 
cyclohexene 
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dy 


5 C ring with a double bond = 
cyclopentene 


2-methyl —. 
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1-sec-butyl-2-methylcyclopentene 


-— 1-sec-butyl 


E double bond (higher priority groups on 


OH 


7 C chain with a double bond = 
heptene 


| 6 | 


6 C ring with a double bond = 5-sec-butyl 
cyclohexene 


x 
3-ol hs | 
4- 


^o 


1 
H 


10.40 Use the directions from Answer 10.8. 


2 
la 


Higher priority groups on 
opposite sides = Е. 


| | ~—3,3-dimethyl 
-—1 
pm 
4 


Higher priority groups on 
the same side - cis. 


2 41 
ae 
EN 


a. оа 


7 carbons 


b. 3,3-dimethylcyclopentene 


5 carbon ring 
C. cis-4-octene 


8 carbons 


d. 4-vinylcyclopentene 


5 carbon ring 


10.41 
a. - 
ре Кис р аку о 
(2E,4S)-4-methyl-2-nonene (2E,4R)-4-methyl-2-nonene 
А B 


b. Aand B are enantiomers. C and D are enantiomers. 


4-isopropyl — А opposite sides with bold bonds) 


(4 E)-4-isopropyl-4-hepten-3-ol 


2-cyclohexene 5-sec-butyl-2-cyclohexenol 


2 


e. (2Z)-3-isopropyl-2-heptene Е 
| ~— 3-іѕоргоруі 


7carbons ,. a" 
Higher priority groups on 
the same side - Z. 


p 


f. cis-3,4-dimethylcyclopentene 


| 


5 carbon ring 4 
3,4-dimethyl 
g. trans-2-heptene E WV 
7 carbons | Higher priority groups on 


opposite sides - trans. 


4-propyl 
| 1-isopropyl 


h. 1-isopropyl-4-propylcyclohexene 


6 carbon ring 


NN 


(2Z,4S)-4-methyl-2-nonene 
С 


(22, 41)-4-тећу!-2-попепе 
D 


c. Pairs of diastereomers: A and C, A and D, B and C, B and D. 


10.42 


СНз 
H 


"СНз 
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СНз 
СНз 


b. "H 


(1E,4S)-1,4-dimethylcyclodecene 


enantiomer 


CH3 
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(12Z,4S)-1,4-dimethylcyclodecene 
diastereomer 


(1Z,4R)-1,4-dimethylcyclodecene 
diastereomer 


10.43 Name the alkene from which the epoxide can be derived and add the word oxide. 


mis 


ín 


6 carbon ring 
cyclohexene 


derived 


1-ethylcyclohexene oxide 
i idi 
derived 


ь А о 


6 carbon chain 


hexene 
2-methyl-2-hexene oxide 


10.44 


а. 2-butyl-3-methyl-1-pentene 


b. (Z)2-methyl-2-hexene 


1-ethylcyclohexene 


trans-3-heptene oxide 


(3E)- 3-heptene oxide 
or 


H 
7 carbon chain 
heptene 
(3E)- 3-heptene 
or 
trans-3-heptene 


M 


5 carbon ring 
cyclopentene 


4-tert-butylcyclopentene oxide 4-fert-butylcyclopentene 


2-methyl-2-hexene 


PATENS 


m 
As written, this is the parent chain, 


but there is another longer chain 
containing the double bond. 


Ew 


Two groups on one end of the C=C 
are the same (2 CHs's), so no E and Z isomers are possible. 


<— 2-sec-butyl 


| 


пем пате: 
2-sec-butyl-1-hexene 


new name: 
2-methyl-2-hexene 
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-1-i -1- | 
с. (E)-1-isopropyl-1-butene | Ee 


new name: 
(SE)-2-methyl-3-hexene 


As written, this is the parent chain, 
but there is another longer chain 
containing the double bond. 


d. 5-methylcyclohexene QO 1 
4 — 
As written the methyl new name: 
is at C5. Re-number 4-methylcyclohexene 
to put it at C4. 
e. 4-isobutyl-2-methylcylohexene А 
1 
5—> =—1 
A 
As written this methyl 
is at C2. Re-number отага: 
toiputitat C1. 5-isobutyl-1-methylcyclohexene 
f. 1-sec-butyl-2-cyclopentene 3 —4 


1—7 2 3— 


This has the double bond between new name: 
C2 and C3. Cycloalkenes must 3-sec-butylcyclopentene 
have the double bond between 
C1 and C2. Re-number. 


OH OH 
.  1-cyclohexen-4-ol J9—- 
| ' Cy ~ 


The numbering is incorrect. When а compound 

contains both a double bond and an OH group, 

number the C skeleton to give the OH group the 
lower number. 


3-cyclohexenol (The "1" can be omitted.) 


OH 

h. S-ethyl-3-octen-5-ol N NN 
The numbering is incorrect. When a compound 
contains both a double bond and an OH group, 


number the C skeleton to give the OH group the 6-ethyl-5-octen-4-ol 
lower number. 


10.45 
a. and b. 


COOH CH; H 


c. Since there are 7 double bonds 
and 2 tetrahedral stereogenic 


< = 
Td | | centers, 29 = 512 possible stereoisomers. 
HOOC E S E E Z R 7 


bongkrekic acid 
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2-methyl-1-pentene  (2E)-4-methyl-2-pentene — 4-methyl-1-pentene — (2E)-8-methyl-2-pentene — (3R)-3-methyl-1-pentene 


a _ e 


2-methyl-2-pentene . (2Z)-4-methyl-2-pentene 2-ethyl-1-butene (2Z)-3-methyl-2-pentene (3S)-3-methyl-1-pentene 
10.47 
О 


stearic acid ВБ = a — e highest melting point 


no double bonds 


О 


elaidic acid рт" intermediate melting point 


one E double bond 


О 
oleic acid й OH lowest melting point 
one Z double bond 
10.48 
О 
О а. к у pm 
OH all trans double bonds 
higher melting point 
О 
eleostearic acid b. OH 


all cis double bonds 
lower melting point 
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10.49 


A 


A has one tetrahedral stereogenic center, 
labeled with an asterisk [*]. 


О 


О 
b. о 


P" Lov 


H 2 
HU 
СЕ Н "A MEN 


О 


10.50 


CH=CH; Ве НАУ н lg 


< О < 
transition state [1]: 
..5- 
r :Вг: 
1] р 
Br: ó* 
7 [2] H Н 
H :Вг: „C=C 
с-с-н B A Н 
‘Br: H 9 A transition state [2]: 
ки ш Б 5+ + 
H A H 
CH=CH; pod 
BrCH,CH,Br H H 
+ Bro L :Br: 
е 


Reaction coordinate 


10.51 The more negative the АН“, the larger ће К assuming entropy changes are comparable. 
Calculate the AH? for each reaction and compare. 


CH2=CH2 + HI 


[1] Bonds broken 


АЕР (kJ/mol) 
C-C x bond + 267 
H—I + 297 


Total +564 kJ/mol 


СНзСН»›-Т 
[2] Bonds formed 
AHP (kJ/mol) 
СНЫСН»-Н — 410 
C—I - 222 
Total - 632 kJ/mol 


[3] Overall AH? = 


sum in Step [1] 
T 
sum in Step [2] 


+564 kJ/mol 
-632 kJ/mol 


— 68 kJ/mol 


CH=CH, + HCI 
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[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
sum in Step [1 
AHP (kJ/mol) AHP (kJ/mol) й РИ] 
C-C x bond + 267 CH;CICH; —H - 410 sum in Step [2] 
H-Cl +431 C-C|  -339 +698 kJ/mol 
- 749 kJ/mol 
Total + 698 kJ/mol Total - 749 kJ/mol 
—51 kJ/mol 
Compare the AH*: 
Addition of НІ: -68 kJ/mol more negative AH’, larger Код. 
Addition of НСІ: -51 kJ/mol 
10.52 
aN HBr P ^ Bro, H2O „Вг “Вг 
а. f. , А СТ 
хи " 
Br `` "он OH 
H 
б d RS HI AN g. | NBS Papi ou 
хи | + 
М ү aqueous DMSO we gy OH 
N H,O P " | [1] BH; а 
с. . ате 
[2] Н.О, НО“ 
а HSO, т 202 Мон 
д KA CH3CH2OH Ро Г [1] 9-BBN Paus 
NZ [2] НО», НО“ 
H2504 D “осн,сн, PPS мон 
m Cl ape wl 
е. X 
МЫ cl CI 
10.53 
СНз СНз СНз СНз 
а 'C-CH EB CHs-C—CH 'C-CH Bro, H2O 
JE 3 3 f poe enue CH3-C—CH,Br 
СНз Вг СНз ОН 
СН СН 
\ нї р CH; CH; 
b C=CH, > CH3-C—CH3 \ NBS 
cH. I 9 pee CH3-C—CH,Br 
i CH3 aqueous DMSO OH 
M H2O CH " 
CECH, — so, ` CHs-C-CHs " | [1] BH CH 
2244 —CH - —С— 
CH3 OH pOH уо, но- CH» C-CH,OH 
CH3 CH CH3 H 
\ CH3CH2OH 3 
d. С=СН» = CH,-C-CH; Che — сњ 
CH; H280, ÓCH;CH; i С=сн -IBEN он,-с-снгон 
CH CH [2] H202, HO H 
\ Cl СНз 
С=СН» = 
е / CH3-C-CH;CI 
CH3 


CI 
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10.54 
Br 
pau Bra Br Halogenation 
а. Z grt 9 
Br OH 
b. ZZ = Вг и Halohydrin formation: Br adds to the C 
H2O that had more H's to begin with. 
A В Г, Same as halohydrin formation, except 
c 2 CH,OH Br. CHsOH in place of H20. 
10.55 
pu = | 
а. Вг L3 d. аа CH3CH;CH;CH-CHCH; 
с! Вг 
b. CX ———— @ е. [X -~ Con or [Aon 
CI CI 
СНз СНз CH3CH> 
C. ( С СНз < 'C-CH, f. (СНзСН,)зСВг C=CHCH; 
Br CH3CH» 


10.56 Hydroboration—oxidation results in addition of an OH group on the less substituted carbon, 
whereas acid-catalyzed addition of H,O results in the addition of an OH group on the more 


substituted carbon. 
a. (он — С) с. [e — е. Дуо 
ОН 
Both methods would give 


кычып acid-catalyzed addition 
an 
product mixtures. 


acid-catalyzed addition 


9n OH 
као” 


hydroboration—oxidation 


D= 
[2— 


hydroboration—oxidation 
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О 


10.57 


а. (сн.сн,),С=СНСн,СН; d. Q 
сњењ H CH;CH; H 
ue NE на е 


C=C СНзСН»- с—с- H 
/ N CHBr 
снасњ; | CH;CHs а оњсн 9 OX | 
Н adds here 
to less substituted C. Br adds here 


to less substituted C. 
b. (CH4CH4);C-CH; 


сњен; њо нона ( ye [19-BBN __ (у -оњон 
с=ењ, CHsCHa-C- CHs | [2] H202, НО" 


H»SO, 
CH3CH; SH OH adds here 


H adds here to less substituted C. 
to less substituted C. 
н вн, 


c. (CHj,C-cHcH, U (CH3,6— CHCH; DMSO, H,O bis Br 
=m here 


— 


Q 


BH; adds here [2] H202, HO- 


: to | tituted C. 
to less substituted C. о1ез5 subs 


id 
(СНз)>С— CHCH3 s B 


5 


10.58 
оњењ Н CH;CH;CH; CH; а! 
N 
с=с or | CH,CH-C or JC - CHCH;CHs CH,CH; - C- CH;CH;CH; 
CH3CH,CH, H CH; CH3CH; Сн; 
10.59 


CHa pis CH3, V ср HO СНз СНз С! 
b cd = JEN. - e c^ CHCH / 
CHCH; H  CHgCH3 * су ^ / УСН 
CH4CH; CI HO H 
CHCH СНз CHCH CHCH Br HO, СНз 
3 E 3 | 3 и NBS еа d E V eT 
т Bí g CH “н DMSO,H,0 / Асы сыну л 
3 HO H CH; Br 
10.60 
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а! с! 
Cl; == СНз СНз : - 
+ only anti addition 
с! СНз сї ‘СНз 
[1] ВНз 
Е „Сн == СН 
i p [2] H202, HO- e Е = * only syn addition 
CH; Он CHa Он 
Br CH2CH3 Br CH2CH3 
i o AW | futs 
cl OH 
| | — | ју anti additi 
à only anti addition 
H2O ни у 
OH Cl 
8: ње US о в t в м 


НО CH, 


h. | CH3CH-CHCH;CHs 


або, PE | E CC 


10.61 
„СНз Bro H, a! сњ _ rh СГ acts as the nucleophile. 
CH2=C CH2-C—- CH; 
( ) СНз NaCl н“ A ve CH3 :Br: СН; 
Во Br: 2 – Y | 
see se + :Вг: Br acts as the electrophile and is therefore added to 


the C with more H's to begin with. 


10.62 Draw each reaction. (a) The cis isomer of 4-octene gives two enantiomers on addition of Br,. 
(b) The trans isomer gives a meso compound. 


Br H / 
> 


+ 
H” 
/ Br 
cis-4-octene (4R,5R)-4,5-dibromooctane (4S,5S)-4,5-dibromooctane 
4 
enantiomers 
H Br Br H P: 
= 2 hs 
b. HU 
H Br 
trans-4-octene (4R,5S)-4,5-dibromooctane 


meso compound 


10.63 
CH,CH, — CH,CH; 
с=с 
Г МА 
H | H 
| nC 
CH,CH, CHCH; 
+C-C—H 
/ | 
H н 
[s 
СНзСН» CH3CH; 
| | 
"m MN 
Hed” ~CH,CH,CH, СІ “CH CH.CH, 
H 
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| н-о 
TEC O-H 
н | CHsCHg 


n 


FN 
ҥч CH2CH2CH3 


CH3CH2 
| 


Both cis- and trans-3-hexene give the same 
racemic mixture of products, so the 
reaction is not stereospecific. 


Alkenes 10—25 


By protonation of the alkene, the cis and 
trans isomers produce identical 


carbocation intermediates. 


CH4CH5 
| 


Ко 
crf CH2CH2CH3 
H 


10.64 The alkene that forms the more stable carbocation reacts faster, according to the Hammond 


postulate. 
fh 


H—Br 


+ Opal — Ope 
H 
Ore Оне 
+ 
H H 


This 2° carbocation is resonance stabilized, making it more 
stable, so the starting alkene reacts faster with HBr. 


ЕВРО РОКА 


CH3-CH=CH-CHg 


ws 


D 
о 


2? carbocation 
no resonance stabilization 


„СНз Markovnikov * 
b. CH,-C CHa —C(CH3) faster 

сн. addition H 
NAT 3° carbocation 

СНз CH 

m Markovnikov 3 
СН2=С, — > CH.—C+ 

CH2OCH3 addition H СН-ОСНз 
A o == 
Н—Вг 3? carbocation 


— 


— 


= 
2 


re 


H 


| T 
сн-ен-— V 
j 


This carbocation is still 3°, but the nearby 


electronegative O atom withdraws electron density 
from the carbocation, destabilizing it. Thus, the 
reaction to form this carbocation occurs more slowly. 


281 


282 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 10—26 


10.65 
AA а 
НС Н 
ЈА Е H 
н Cl: H 
H H ae 
КАК; о 
би? | E 
> Р 
и ó-c 
Py, a н CH; н CH3 
н НО” СН H = н + HCI 
H H H 


р BE 
" "ns HA А 1,2-Н shift КЕ Вг 
? \ S Е С 
CH3 СНз 


5 : 
2? carbocation 3? carbocation 


+ Br 

10.66 
H AN 
CH Hg :O2H CH 

1,2-shift * сн, bil з: CH, Н904- 5 

с = "E 
H+ "n" А "ПЗВ HO 
2° carbocation 3? carbocation + H2804 
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10.67 
OY NI on Oy 
+ НзО+ 
ДУГ И OH 


im 


t H3O* 


+ КС 
+ 1,2-shift 
H 


10.68 The isomerization reaction occurs by protonation and deprotonation. 


H uud E 
Di Д Ç. ен 


N 
OSO3H С. „СНз CH Coa > =” C=C 
CH4^ ~C—H з QH HSO; 
CH; СНз СНз Он» 
2,3-dimethyl-1- “butene 2,3-dimethyl-2-butene 
10.69 
y f m H — 
с=с H CH -c+ H T, Bre 
ee 3 CH3CH=CHCH, 7 CH3CH=CH-CH,Br 
H C=C ‘<= D ШР 
/ X 
H H L“ 
Since two resonance structures can be drawn 
for the intermediate carbocation, two different 
Ge products result from attack by Br". 


| 
CH4CHCH- CH» 


Chapter 10-28 


10.70 
Вг 
А 70K 008 = тыш и, 
A B E 
| Ha pe 
Ибн, ү оон, 
H H 


This carbocation is resonance 
stabilized by the O atom, and 
therefore preferentially forms and 
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Br 
HBr 
с Pes _K_coocn, 
D 


е 
In C9, 


ВЕ T il 
| ^ 5+0 


CH3 


This carbocation is destabilized 
by the à* on the adjacent C, 


This carbocation is formed so it does not form. 


results in B. preferentially and results in product 
D. It is not destabilized by an 
adjacent electron-withdrawing 
COOCH; group. 
10.71 
m fiu 
: Вг—Вг: H 
нь + | .. О Вг 
б он Br? - =: ЖХ Cr 
74 он М mdi nw + HBr 
ae + :Вг 
+ :Вг: 
10.72 
. OH 
РВ! K* "OC(CH3)s H2O + H;SO 
а. ион РР Pa FOSS = 2 4 > pw x 
| m f OH adds to more substituted C. 
POCI}, pyridine 
Br 2 Вг 
| K* OC(CH3) Br 
b. CH;-6-CH, 2$ CHs- CH-CH? 2 CHy-6-CH;Br 
H H 
OH so [1] BH NaH о сн OCH 
29V4 3 3 3 
© p T AA - gp ОН x x 
[2] НО», HO +H, 
ОН» 
os 
d, CHs—CH-CHat OCHS (сну c сн, на снз-С-©! 
СНз CH3 
CI B Br 
e. O K*-OC(CH3s @ É CX 
id OH 
re Br 
| 
f. CH4CH-CH, CH,CH-CH, _МаМН2_ снсесн 


(2 equiv) 
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10.73 


Br CN 
В. | UE CY NaCN CT 
E. 
Br OH (om О 
: pP AL CY NaH Cy CH4CH;CH;I O AR 
NP 
(from b.) 
> ЈЕ OH 
d. -— тњо” + enantiomer 
2 “SH 
(from a.) 
[1] “C=CH OH 
= О тр | + enantiomer 
2 “Сы. 
(from a.) CH 
10.74 
Br K* 7OC(CH3)s NaNH 
"OY „У Br 2 А аон 
(2 equiv) 
E y> a | 
ман о 
(from a.) a r ens 
© SN (from c.) 
(from a.) 
10.75 


OH 
РОС!» 
pyridine 
A 


major product 


rh 
92 


250, 
Еа 
on 


OH 
| Вг 
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TAN m Al A f теб 
e + И + TsOH 


А + TsO isocomene 


10.76 


О 


Na* HCO;- B! 
AP 
ta в 


oe | Ni 
a —OCH3 WX qM. т A „ОСН 
HO | HO 


— 


10.77 
"IP 15. „0 д 
О H 
9 - a 
OCH; 


HO 
+ Nat + HCO, 


10.78 
~ s n 
во № DEN | 
/ y а * 
| oH | Сењ |ы | 
пего! 
< 
— — + TsOH 
+ 
HzO ess 
Он == А. он 
H o-terpineol 
Wm m 
< 
— + НОСІ 
DS " BP OH 
) 
MG = S id a-cyclogeraniol 
nerol x 
+ :OSO,Cl 
10.79 
or ul sou OS 
о-н L 
+ HSO, 


+ HSO 
ool за 
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Alkynes 11-1 
Chapter 11: Alkynes 


* General facts about alkynes 


e Alkynes contain a carbon-carbon triple bond consisting of a strong o bond and two weak л bonds. 
Each carbon is sp hybridized and linear (11.1). 


180° 
ER = 'e-e о 
acetylene | | 
sp hybridized 


e  Alkynes are named using the suffix -yne (11.2). 
e Alkynes have weak intermolecular forces, giving them low mp's and low bp's, and making them 
water insoluble (11.3). 


* Since its weaker л bonds make an alkyne electron rich, alkynes undergo addition reactions with 
electrophiles (11.6). 


* Addition reactions of alkynes 
[1] Hydrohalogenation— Addition of HX (X = Cl, Br, I) (11.7) 


e  Markovnikov's rule is followed. Н bonds 
to the less substituted C in order to form 
the more stable carbocation. 


* Bridged halonium ions are formed as 
intermediates. 
e Anti addition of X» occurs. 


X—X 
R-CzC-H - 


(2 equiv) 


e  Markovnikov's rule is followed. H 
bonds to the less substituted C in 
order to form the more stable 
carbocation. 

• The unstable enol that is first 
formed rearranges to a carbonyl 
group. 
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[4] Hydroboration-oxidation—A ddition of H20 (11.10) 


Г B e The unstable enol, first formed after 
R ae 
1] BH / oxidation, rearranges to a carbonyl 
R-CZC-H ae „| ‘c=c | 8 y 
[2] H202, HO | / он group. 
enol 


+ Reactions involving acetylide anions 


[1] Formation of acetylide anions from terminal alkynes (11.6B) 


Lar а "m + * Typical bases used for the reaction are 
Peay un B = в-с=с: }, us NaNH2 and NaH. 


[2] Reaction of acetylide anions with alkyl halides (11.11A) 


(C €. - e The reaction follows ап $42 mechanism. 
Н-СЕС! + R-X >|H-C=C-R |+ х : T 
G |н-с=с-а ] e The reaction works best with CH3X and 


КСЊХ. 


[3] Reaction of acetylide anions with epoxides (11.118) 


[1] A • The reaction follows ап 542 mechanism. 
H-C=C:7 | Н-С=С-СН»›СН»ОН | • Ring opening occurs from the back side 
[2] н.о at the less substituted end of the 
epoxide. 
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Chapter 11: Answers to Problems 


11.1 * An internal alkyne has the triple bond somewhere in the middle of the carbon chain. 
* A terminal alkyne has the triple bond at the end of the carbon chain. 


HC=C—CH2CH2CH3 CH3—C=C—CH2CH3 HCzC-CH-CHs 
СНз 
terminal alkyne internal alkyne terminal alkyne 


C sp? -C Sp an a 


(b) | 


| OH Increasing bond strength: a < c < b 
were Quid i 
US О 


зама! с acid 
(а) 
Csp?—Csp? 


11.3 Like alkenes, the larger the number of alkyl groups bonded to the sp hybridized C, the more stable 
the alkyne. This makes internal alkynes more stable than terminal alkynes. 


11.4 To name an alkyne: 

[1] Find the longest chain that contains both atoms of the triple bond, change the -ane ending of the 
parent name to -упе, and number the chain to give the first carbon of the triple bond the lower 
number. 

[2] Name all substituents following the other rules of nomenclature. 


СНЫСНЬСНз CH;CH; СНз (Number to give the lower 
a. H—CZC-CH;CCH;CH;CHS с. CH;-CHCH,CHC E CCCH,CH;CH; number to the first site of 
| | unsaturation.) 
CH2CH2CH3 СНз 
4,4-dipropyl-1-heptyne 4-ethyl-7,7-dimethyl-1-decen-5-yne 
b. CHgC=CCCICH2CHs d. 5 (The longest chain must contain both functional groups.) 


CH3 
4-chloro-4-methyl-2-hexyne 


|n 
fr 
ie 


3-isopropyl-1,5-octadiyne 


11.5 To work backwards from a name to a structure: 
[1] Find the parent name and the functional group. 
[2] Add the substituents to the appropriate carbon. 


OH ———OH on C1 OH 


a. trans-2-ethynylcyclopentanol Е Е E 
5 C ring with OH at C1 SCECH =—ethynylatC2 ог Ca 
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b. 4-tert-butyl-5-decyne tert-butyl at C4 
10 C chain with N 
a triple bond iss 


triple bond at C5 
c. 8-methylcyclononyne 


9 C ring with а 
triple bond at C1 


3-methyl triple bond at C1 


11.6 Two factors cause the boiling point increase. The linear sp hybridized C's of the alkyne allow for 
more van der Waals attraction between alkyne molecules. Also, since a triple bond is more 


polarizable than a double bond, this increases the van der Waals forces between two molecules as 
well. 


11.7 To convert an alkene to an alkyne: 


[1] Make а vicinal dihalide from the alkene by addition of X2. 
[2] Add base to remove two equivalents of HX and form the alkyne. 


Ма“ "NH Na* -NH 
а. BCH(CH9,CH, — —2 > BrCH- CHCH;CH;CH;CHs — M. HCSCCH;CH;CH;CHs 


not isolated 
Na* -NH 
b. CHp=CCI(CH»)3CH3 ——À———2—- HOSCCH;CH;CH;CHs 
el Na* -NH " 
с. СН›=СН(СН»)зСНз = сњененсњењен, —_2. HC=CCH;CH2CH;CHs 
di б (2 equiv) 


11.8 Acetylene has а pK; of 25, so bases having a conjugate acid with a pK, above 25 will be able to 
deprotonate it. 


а. СНАМН“ [рк, (CH4NH») = 40] с. CH=CH" [рк, (СН„»=СН») = 44] 
pK, > 25 = Can deprotonate acetylene. pK, > 25 = Can deprotonate acetylene. 
b. CO? [pKa (HCO; ) = 10.2] d. (СНз):СО {pKa [(CH3)3COH] = 18} 


pK, < 25 = Cannot deprotonate acetylene. pk, < 25 = Cannot deprotonate acetylene. 
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11.9 To draw the products of reactions with HX: 
* Add two moles of HX to the triple bond, following Markovnikov's rule. 
* Both X's end up on the more substituted C. 


Br 
а. снусн,сн,сн,-с=с-н -2 98°. CH;CH;CH;CH;-C-CH; 
Br 
HBr id | 
b. CH 3-C=C—CH,CH, CHs-CHo-C-CH;CHs + CHs-C-CH?- CH; CH; 
Br Br 
Br 
б M E [бо 
Br 
11.10 
(s А 
а. {уе (e с. (аи (ои 
+ 


elt E 
b. cH,-6-6n, CH3—O=CHp 


11.11 Addition of one equivalent of X» to alkynes forms trans dihalides. 
Addition of two equivalents of X; to alkynes forms tetrahalides. 


Br Br 
2B Dod 
CH3CH;- CS C- CH;CHs =. CH.CHs- 6-C- CH;CHs 
Br Br 
B CI сњењ 
СНзСН»—С=С-СН»СНз : С=с trans dihalide 
CH3CH> CI 
11.12 
Cl, Cl СНз The two Cl atoms are electron withdrawing, 
CH4—CzC- CH; - б=с, making the x bond less electron rich and 
CH3 CI therefore less reactive with an electrophile. 


11.13 To draw the keto form of each enol: 
[1] Change the С-ОН to а C=0 at one end of the double bond. 
[2] At the other end of the double bond, add a proton. 


H H 
H LET 
cR Om Qe 
OH O H 
H H 
new C-H bond / 
new C-H bond 


OH О 


b. EM <— оаа 
Hu ——new С-Н bond 


H HH 


Chapter 11-6 
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11.14 Treatment of alkynes with H20, H2SOx, and HgSO, yields ketones. 


CH3—C=C—CH,CHs 


11.15 


H2O CH4CH-C(OH)CH;CHs 


* тоз = 
#2804, HgSO4 — CH.C(OH)-CHCH;CH; bes 


(е) 
Two enols form. 


О 


Ол 


two ketones after 


tautomerization 


RS 56 


enol tautomers 


constitutional isomers, 
but not tautomers 


11.16 Reaction with H20, H.SO,, and HgSO, adds the oxygen to the more substituted carbon. 
Reaction with [1] ВНз, [2] H202, OH adds the oxygen to the less substituted carbon. 


a. (CH3)£CHCH; — Cz C—H 


њо ce 


H,SO,, Ново, 


| 
снь-с—сн,-6 


О 
0 Forms a ketone. H5O is added with the 
\ O atom on the more substituted carbon. 


H CH; 
[1] BH СЕВ © Formsan aldehyde. H,O is added with the 
H3)2CHCH,—C=C—H 3 - ac асс 
с ctc [2] НО, НО“ CHs | е8 E O atom on the less substituted carbon. 


H20 
{ )—с=он [1] Bh E 
[2] H203, HO 
11.17 
[1] NaH 
a. H-C=C-H - 
[1] NaH 


b. a 
[1] NaNH; 


О 
: OF: Forms a ketone. H;O is added with the 
Н,804, HgSO, ‘CH, O atom on the more substituted carbon. 


HH 
Өш: Forms an aldehyde. ЊО is added with the 
с=о О atom on ће /ess substituted carbon. 


p 
н-с=ст + н, 121(С98):СНСНг CI (cus cHcH,-C-C-H + NaCl 


x» H [2] CHCH; Br 
[> свог +H, JM [_})—с=с-снон; 


+ МаВг 
СНз 
КЕЗ [2] (CHs)3CCI 
62: + № и с=сн, + NaCl 
CH3 


+ M 


1? alkyl halide 
substitution product 


3? alkyl halide 
elimination product 
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11.18 
а  (CH3);CHCH;C-— CH 
СНз СНз 
CHs-C—CH;-3-C:C-H LM СНз-С-СН,СІ + ~C=C-H terminal alkyne 
H н only one possibility 
1° АХ 


b. CHCZ CCH;CH;CH;CHs 


CHyi-C-C-PF-CH;CH;CH;CH, ======> [1] CHCl + ^ C=C-CH,CH,CH,CH; 


|] 5 ~ | internal alkyne 
[2] [2] сн.-с=с- + CI-CH)CH,CH,CH, —| № possibilities 
1° АХ 
C. (СНз)зССЕРССН»СНз 

CH, | CH; 

CH5-C— C*C-3- CH2CHs =======> СН.-С-С=С- + OI-CH;CH, = internal alkyne 

CH3 CH, 1° ВХ only one possibility 
СНз 

== сн-С-с + ^ C=CCH,CH, The 3° alkyl halide 

CH3 would undergo elimination. 
3° RX 
too crowded for Sy2 reaction 
11.19 
^V Nar ume Br (Nen 
HC=C—H = eft VE C—CH2CHg =C=C-CH;CH; + Н, 
+ Н н in 
+ Nat + Na'BT— (CHy,CHCH;C—Br 
H 
(CH3);/CHCH5CH» — CC - CH5CHs + Br 
11.20 

СНз СНз СНз СНз 


| | i i The 3° alkyl halide is too crowded for nucleophilic 
CH,-C-CzC-C-CH; > СНз-С-С=С- + Х-С-СН, | substitution. Instead, it would undergo elimination 
CH; CH3 CH; СНз with the acetylide anion. 


2,2,5,5-tetramethyl-3-hexyne 


11.21 
„СНз = „СНз Epoxide is drawn ир, so the 
д. (pe [1] 1656-H CDM acetylide anion attacks from below 
[2] Н2О 96 at less substituted C. 
“Sou 


Z CH 
[1] :C=C-H OH ic? Backside attack of the nucleophile 
b. o — CL ZION ("C2CH) at either C since both 
[2] H2O i ends are equally substituted. 


enantiomers 
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11.22 
СНзСН2С=С Ма* 
а. CH4CH;CH,Br ай а алт ош CH4CH5CH5C = ССЊСНа 


CH4CH,C S C-Na* Е 
D. (CH3)>CHCH»CH,Cl —— ——-— — ——- _ (CH3)xCHCHCH,C =CCH,CH3 


CH3CH2Cz C Nat 


(СНзСН2)2С=СНСНз + | СНзСН›СЕСН 


о 


. (СНАСН СС! 


CH3CH5CzC'Na* 


d. BrCH;CH;CH;CH;OH CH3CH;C-CH + BrCH2CH2CH2CH20 Na* 


О CH4CH;CzC'Na* НО 


- CH4CH,CSCCH,CH;OH 


| О сњснс=с ма“ ЊО 


>  CH3CH2C- CCH;?CHCHs 
OH 


11.23 To use a retrosynthetic analysis: 
[1] Count the number of carbon atoms in the starting material and product. 
[2] Look at the functional groups in the starting material and product. 
Determine what types of reactions can form the product. 
Determine what types of reactions the starting material can undergo. 
[3] Work backwards from the product to make the starting material. 
[4] Write out the synthesis in the synthetic direction. 
? 
CH,CH,CSCCH,CH, === HC=CH 
6 C's 2 C's 


CH3CH,C=CCH,CH, ==> CH,CH,C=C + CH,CH,Br === HC=C + CH4CHBr 


=. A (Na B: poc N 
Na* H: CH3CH,—Br Nat Н: CH3CH,—Br 
oud №8 > ес снаен = Md СНБ: _ = CH,CH,C=CCH.CH, 
11.24 
2 
CH3CH2CH2-C => HC=CH 
H 
product: starting material: 
4 carbons, aldehyde functional group 2 carbons, C=C functional group 
(can be made by hydroboration—oxidation of (can form an acetylide 
a terminal alkyne) anion by reaction with NaH) 
Retrosynthetic  CH3CH,CH;- C“ — > CH,CH,C=C—H s H-C=C-H 
analysis: 


H 
(Na He —— сњенић 1] BH p 
QI. -б=с-н cet CIBUS ^ сн.снсн,-с 
[2] Н2О», HO- X 


Forward direction: н_с= » CHsCH,C=C—H 
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a., b. олы "S 
а ZN H 
HN 2 | 
erlotinib most acidic 
C-H proton 


shortest C-C single bond 
Csp-Csp? 
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a " |__| 
d. * = sp hybridized C == \ 
е.3<1<2 o 77 


phomallenic acid C 


most acidic 
proton 


11.26 Use the rules from Answer 11.4 to name the alkynes. 


1-hexyne 3-hexyne 


-— 


= 


2-hexyne 4-methyl-1-pentyne 


3-methyl-1-pentyne 


= 


3,3-dimethyl-1-butyne 


—( 


4-methyl-2-pentyne 


11.27 Use the rules from Answer 11.4 to name the alkynes. 


5 3 


а. CHsCH,CH(CH)C=CCH,CH, — 5-methyl-3-heptyne 
5-methyl 3-heptyne 
3-hexyne 


b. СН-СНСЕССНСН. 2,9-dimethyl-3-hexyne 
П | 
СНз СНз 


| | 


2,5-dimethyl 
4-nonyne 
СНз = 7-methyl 
с. — CH,CH;CHC- CCHCHCH;CH, 
| 
CHCH) CH2CH3 
3,6-diethyl-7-methyl-4-nonyne 

3,6-diethyl 


d. HCZzC-CH(CH;CH4CH;CH;CH,  3-ethyl-1-hexyne 


1-hexyne — 3-ећу! 


CH3-— 3-methyl 
€.  CH3CHe [С-СЕСН 3-ethyl-3-methyl-1-hexyne 
CH;CH;CHs 


3-ethyl 


f. СНзСН>С=ССН›С=ССН; 2,5-осіааіупе 


T 


== == ethynyl 
1-ethynyl-6-methylcyclohexene 
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11.28 Use the directions from Answer 11.5 to draw each structure. 


а. 5,6-dimethyl-2-heptyne d. cis-1-ethynyl-2-methylcyclopentane 


1-eth | 
2-heptyne wy е hdd 
C=CH or [cee 
-— 2-methyl E 


e. 3,4-dimethyl-1,5-octadiyne 


b. 5-tert-butyl-6,6-dimethyl-3-nonyne 
7— 6,6-dimethyl 


I 


3-nonyne woe 
5-tert-butyl a 
y diyne | diyné 
c. (4S)-4-chloro-2-pentyne + (6Z)-6-methyl-6-octen-1-yne 
Cl<— 4-chloro «бе th 1 
==— н  Soonfiguration =e тешу 
2-pentyne 


11.29 Keto—enol tautomers are constitutional isomers in equilibrium that differ in the location of a 
double bond and a hydrogen. The OH in an enol must be bonded to a С=С. 


7 DH 
C 
а сну “сњ апа cu сн, с. Poe ang H 
• с=0 *C=C e C=C „С=О o 
* one more CH bond * OH on С=С * OH on С=С * one more CH bond 


keto-enol tautomers keto—enol tautomers 


o OH OH is not bonded 
О ОН 9 
Вы Пољани 
OH is not bonded NOT keto-enol tautomers 


to the C=C. 
NOT keto-enol tautomers 
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11.30 To draw the enol form of each keto form: 


[1] Change the C=O to a C-OH. 
[2] Change one single C-C bond to a double bond, making sure the OH group is bonded to ће C=C. 


TE uw E isomers «CI al 4 og 
CH,CH3 то, CHCH 


possible 


b. СНэСН»СНО = о ee 


possible 


E/Z isomers | 


11.31 Use the directions from Answer 11.13 to draw each keto form. 


бё аач 
о Ро 


ке ev >. 


11.32 Tautomers are constitutional isomers that are in equilibrium and differ in the location of a double 
bond and a hydrogen atom. 


О О он О О OH OH O О OH 
ES ыў ш МА У: М д Б ~ 
А 


tautomer constitutional isomer constitutional isomer neither 
11.33 
ӨЕ: Сун < > ~ еј H > Фа: + H4O* 
= А 
А N : H^ ^^. B 
HOH + НЊО + HO 
11.34 
Lp e's LAUS [ 778 (5-8 + #9 
HO + Н—ОН :. 
Cs 
11.35 


2, 


enamine P runs 
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11.36 The equilibrium always favors the formation of the weaker acid and the weaker base. 


a. HC=C” + CHOH === HC=CH + CHO с. HC=CH + Маг — НСЕС- Ма“ + HBr 
pK, = 15.5 pK, = 25 рКа = 25 pK, =-9 
weaker acid weaker acid 
Equilibrium favors products. Equilibrium favors 
starting materials. 
b. СНзС=СН + СНз == сњс=с + СН, d. сњсњс=с“ + СНСООН === СНзСН»СЕСН + CH,COO - 
pK, = 25 pK, = 50 pK, = 4.8 рКа = 25 
weaker acid .. ,Weaker acid 
Equilibrium favors products. Equilibrium favors products. 
11.37 
а ? 
HCI [1] BHs C. 
HCSCCH;CH;CH;CH, | а. CH4—C — CH;CH;CH;CH; Ө. —— — —- u^ CH2CH2CH2CH2CHs 
(2 equiv) Cl [2] НО», HO 
Br А Man Na*-CZ CCH;CH;CH;CHs 
HB | : 
b. : CHs- CCH;CH;CH;CH; _ 
(2 едим) Вг g. LUN | CHCH,CSCCH;CH;CH;CH; 
[2] CH4CHSBr 
à off 
2 = 1] мн 
e МУРА eo HOCH,CH,—C=CCH,CH,CH,CH, 
2 equiv Cl Cl 2 О 
(2 equiv) [2] A 
3] H2O 
d H,O н Он о [3] Н2 
5 = С=с, — „С. 
H,SO,, HgSO, Н CH2CH2CH2CH3 СНз“ `CH2CH2CH2CH3 


11.38 
О 
= HBr Pha = ar А 
е (2 едим) S. Н,50, 
О 
Br Br 
N LL PIS | ues [1] BHs 
b. == = ü == pees oe ae  „. 
(2 equiv) : [2] Н.О», HO 
Вг Вг 
11.39 
О 
H2O „С 
а. (СНаСН;)Сс—С=сн ~ (CH3CH2)3C СНз 
Н,804, HgSO, 
b. (CH.CH),.C-CcecH HPs (СНАСН;)42—СН;СНО 
: 3CH2)3 = [2] H,O;, HO- зСН>)з 2 
HCI 
c. (CH4CH;4C—CsCH — —À-  (CHsCHp)gCCCI,CH, 
(2 equiv) 
[1] NaH Е 
d. (CH3CHs)3C—C=CH > (СН:СН)зс—–С=ССН,СНз 


[2] СНзСнН,Вг 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 299 


Alkynes 11-13 


11.40 Reaction rate (which is determined by Е,) and enthalpy (АА?) are not related. More exothermic 
reactions are not necessarily faster. Since the addition of HX to an alkene forms a more stable 
carbocation in an endothermic, rate-determining step, this carbocation is formed faster by the 
Hammond postulate. 


H H X H H X 
HX pub MN HX ү Б M 
R-C=C-R' R-C-C-R' — R-C-C-R' R-Ç=Ç-R' R-C-C-R — R-C-C-H 
H H H H H H 
sp hybridized carbocation 5р2 hybridized carbocation 
less stable more stable 
slower reaction faster reaction 
11.41 
О OH is 
a ы У 8 " e N = па ee 
О OH 
| 
Cy 2 
b. сн cu, 77 сну SCH, 5 сњ-с=сн 
OH 


E C=CH 
CH3 LI CY CH2 ===> Cy 


d. di d > ui d ——>  CH3CH,—C=C—CH2CH3 
О ОН 


о 
[e] 
/ 


11.42 To determine what two alkynes could yield the given ketone, work backwards by drawing the 
enols and then the alkynes. 


E fn О HO: Н 
Il 
HC=C-CH,CH - C=C - C. ~ C=C = CHs—C=C—CH 
ni FER сну ОСЊСНа PX : 5 
H Снн; CH, Сн 
2-butanone 


11.43 


CH,CHO C=CH 
a. CY = CY b. = (CH,),CHC=CCH(CHg)2 
О 


11.44 Equilibrium favors the weaker acid. CH,CH,CH,CH, Li’ is a strong enough base to remove the 
proton of an alkyne because its conjugate acid, CH,CH,CH,CH,, is weaker than a terminal alkyne. 


RC=C—H + CH3CH;CH;CH;2 Li* = RCzCLi* CH4CH5CH5CH3 


pK, = 25 pK, = 50 


much weaker acid 


Br Br 
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Cl 
2 Cl 
b. ченасе=сн (снз)зсс Сн 
СІ 
Gl а 
с. снесн i _ [2] NaNH _ E 
© C=C 
(2 equiv) 
[1] BH 
d. УМРИ CECH = == NN ^c” 
[2] H202, HO | 
С! * 
è HCI 
| C=CH - C. 
(1 equiv) cr CH2 
f. НС=С + [0 HC=CD + DO- 
Q 0 


Z C 
. C=C—CH - C. ^ 
: коо у нє 


CH3CHsC Z CCH;2CH5CHs5 t “OTs 


ћ  CH4CH,CSC + CH3CH;CH;-OTs 


2СНз ШНС=С CH3 [2] HO-H „Она 
om "© Су ==є суш 
СЕСН C=CH 


H 


Br 
[1] Na* H7 [2] ds 


|l CHC=C-H = СН.СЕС- - (У + CH3C=C-H 
2° de 


[1] Ма“ -NH2 _ р] [y 
k. CHCH C =C-H CH3CH,C= C = сноњс=с-оњ-( ) 
| C=C-H [1] Nat H- C=C 2] О СЕССНЬСН»О` [3] HO-H C=C—CH2CH20H 
O == md! 


11.46 
KOC(CHs) Br HH кос(Снз)з 
CH;CH5Br 2777773 > CH=CH, —? 4 C-C-H - C=CH 
Ü od DMSO 
Br Br (2 equiv) 
A B с р | NaNH? 
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11.47 
most acidic H 
[1] Ман, 
[2] CH3I 
H—CZC- CH,CH;CH,OH Ж—  CH4- C5 C-CH,CH,CH;OH 
A М№амн, will remove the 
proton from the 
OH since it is more acidic. 
H-C-C-CH;CH;CHO :— H—CZC-CH;CH,CH,0CH, = В 
11.48 
stereogenic center at identical 
the site of reaction | 
№ [1] HC=C ЈА e cH, È ГШ 
Cl HC=C7 C-CH с 1 КЬ 
Кб ined н, г усн, ENS > ad Ef r on 
DM CH ©, С H 
stereogenic center NOT ii d 
at the site of reaction Configuration is retained. 
- о " HO OH 
oe HC=C ce CH d. wy T No [1] HC=C \ Sc, CHa: / 
о 7 „C—C + с— С, 
CH, H CH; H cH, Сн 0 H4 ү c XH 
CH3 К ^ СНз 
СН НС 
enantiomers 
11.49 
SoH pyridine - Т5 uo S 
B 
retention inversion 
rea LUN j У diis "Y о 
^s? Вг ge I 
A [e 


inversion inversion 
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11.50 
ul =есњом 
N ^ CH, Li* / new C-C bond 
EN EN 
" OH  PBr Br —:C=CCH,OR' ^7 oscCH,OR 
| | P 
OCOR OCOR | OCOR 
A С 
он он 
О [1] D= HC=C” OR OH 
[2] њо Fo \ Е = TsCl, 
These 2 C's are added. pyridine 
OCH;CH3 OCH;CH3 OH OH 
OTs 
1] NaH 1] NaH -— 
oH oso СҮ DU cose г H-C=C оу H ee e 
[2] СНа! [2] Е = CH,CH,Br \ 
new C-C bond 
11.51 
Br H CH4CH5 H 
| ) 
СН»СН» C—C—H de CH3CH5 - CZ С-Н 
41 / \ NH» CHaCHe—C=C—H | 
Br н). Е Вг 1-butyne 
NH2 у 
н B? Но CH, 
CHs-C> C—CH, - m CH3—C=C—CHsg | major product 
| | / \ р 
H Br CH; Bo SATT more substituted alkyne 
t, (E and Z isomers possible) 
чь Reaction by-products: 
H B 
с h AN \ 2NH, + 2 Br 
CH3CH,—-C7C—H ——— ` 2 7) б-н CH34CH-C - CH; 
Br H+ CH4-C-C pe 
чн. H- Bo 1,2-butadiene 


11.52 Draw two diagrams to show o and x bonds. 


S 
Sp? sp sp? 

Sp? sp sp? 

Sp? 3 
ME = 
CH2=C—CH3 

$ : | о о 

vinyl cation vacant p orbital All H's use 1s orbitals. 


for the carbocation All bonds above are o bonds. 


The positive charge in a vinyl carbocation resides on a carbon that is sp hybridized, while in (CH,),CH’, 
the positive charge is located on an sp? hybridized carbon. The higher percent s-character on carbon 
destabilizes the positive charge in the vinyl cation. Moreover, the positively charged carbocation is now 
bonded to an sp? hybridized carbon, which donates electrons less readily than an sp? hybridized carbon. 
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11.53 A carbanion is more stable when its lone pair is in an orbital with a higher percentage of the 
smaller s orbital. A carbocation is more stable when its positive charge is due to a vacant orbital 
with a lower percentage of the smaller s orbital. In HC=C’, the positively charged C uses two p 
orbitals to form two л bonds. If the o bond 1$ formed using an sp hybrid orbital, the second hybrid 
orbital would have to remain vacant, a highly unstable situation. See also Problem 11.52. 


E + + 
нс=с“ CH=CH HC-C СН»=СН 
sp hybridized sp? hybridized sp hybridized sp hybridized 
higher % s-character lower ?6 s-character Vacant orbital has 50% s-character. Vacant orbital is a p orbital. 
more stable less stable less stable more stable 
11.54 
СНз СІ 
em а, СГ attack on the opposite side 
Сї: и \ to the H yields the Z isomer. 
с ^ сн, H CH3 
H-CI N * 
CH4CECCH, — C—C- CH; СНз СНз 
Td с=с СГ attack on the same side as 
/ \ the H yields the E isomer. 
= H Cl 
"СЕ 
11.55 
а. 
Su EN EN EN 
mo moo у == о oe 
С | С | С С 
Ва "S H | 
A à 
UON о: HH E 
M H E E. 
CHCH; Li* + CHCH неон 
+ Lit 
"m u oso. 
z а Г HSO; сь 
‘OH Он; E Н2О Н-о-Н 
b. BHs-c- CO en СНз С СЕСН > CH3 с^стон -— —- CH, C-C-CH = CH, C=C=C H 
H H H H 
+ HSO,” resonance structures 
HSO, 
Chai CHZCN. *O-H <:0H "ЕН 
с=б снз-сн=с—С/ сн-сн=с-с$ ~ CH3-CH=C=C-H 
+ H504 7 ин H H ^ 
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11.56 
H $ 
C=C=0CH; 
CH3CH2CH + 
+ е ro нон, 
нон, н њо у 
V e " $ 
H 4 н “:Он H V :Он 
P \ s. N /+ N / 
CH3CH;CH;C-C-OCH; —— C=C-0CH; ——- С=С. — С=с. 
CH4CH;CH; ] CH4CH;CH; ОСН; CH4CH;CH, = ОСНз 
HÖ 
Be ow is 
О: о-н но CoH 
CH3CH?CH;CH;-C, CH3CH2CH2CH2-C, ,, a СНзСН»›СН»›СН»-С} . 
OCH; OCH; OCH; 
+ = E = 
т - 
H-OH; + HỌ 
11.57 
a. H 
EU бы. ы | MP 
CH,-C=C-—CH, + МН, ——- СНз С" = СНз-С=С=СН — CHs—C=C=CH + МН? 
{н H 
2-butyne 7 
Te GENES МН, 
ШК, а н, 
| | (йн, :NH> 
ET YN TR По 5 
CH3CH,-CEC: + ‘МН; < CH,;CH,-C=C-H - CH3 С СЕСН uS ен + МН: 
tyli i 
acetylide anion ИЕ H H 


b. A more stable internal alkyne can be isomerized to a less stable terminal alkyne under these reaction 
conditions because when CH3CH2C=CH is first formed, it contains an sp hybridized С-Н bond, 
which is more acidic than any proton in CH3- C2C-CH;. Under the reaction conditions, this proton 
is removed with base. Formation of the resulting acetylide anion drives the equilibrium to favor its 
formation. Protonation of this acetylide anion gives the less stable terminal alkyne. 


11.58 
CI 
a а! о. = 
CI KOC(CH 
b. Pasa 2 di d de (CH3)s d dms 
CI (2 equiv) 
DMSO 
РОС!» Clo KOC(CHs3)3 
" ОН "pyridine um У 
Cl DMSO 
11.59 
KOC(CH3)s NaNH, 


Br. 
CsHsCH=CH; —- CęHsCHBrCH;Br 


СеНБСЕСН 


Ф 


5 Сен СНСНоВг 
ехсе$$ 
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KOC(CH3)s Bro NaNH» 

b. CgHs;CHBrCH, ——————— C,H;CH=CH, —— C,H;CHBrCH,Br CgHsC=CH 
excess 
H2SO4 Bro Мамн, 

с. CeH;CH;CH,OH CgHsCH=CH, —= C&H&CHBrCH;Br CgHsC=CH 


excess 


11.60 The alkyl halides must be methyl or 1°. 


ту 
a. HC-C-$-CH;CH;CH(CH), => HC=C: + CI,ÓH,CH,CH(cHg, (1° RX 


e oH 
b. CHg-$-C=C—C—CH,CH, ===> а а + :СЕС c СЊСНа 
CH3 СН 
aN 
с. { )—с=с-{-сңоңсн, ===> C=C: + НВ 1° АХ 
11.61 
Na* H- — (CH3?CHCH;-CI 
a. HC=C-H - нсес“ (Hee 208. (CHs)2CHCH»C=CH 
Na* H- - . CHSCH;CH;-CI NaH = 
b. HC=C-H = HC=C > =“ =“, |снсњењс=сн СНЊСНСЊС=С 
CH4CH;CH;-CI 
[1] ВНз = 
с. сњснњснс=сн Ноно” CH3CH;CH;CH;CHO CHCH CHC=CCH;CH2CH; 
(from b.) get 
О 
HO 
d. CH,CH,CH,CECH b LC. 
(from b.) Hey CH3;CH,CHs~ ~CH3 
я 4 
2 HCI 
е. сњсњењс=сн B s CH3CH5CH5CCI5CHs 
(from b.) 
О 
н 
+ CHgCHsCH,C=CCH,CH,CH, 0. 5 
pom 
804, H9SO4 — CHCH,CH;^ ^ CH;CH;CH;CHs 
(from b.) 
11.62 
оа rw 
a. CHgCHsCH=CH> CH3CH»CH—CH> =» CHCH¿C=CH 
HB 
b. CH,CH,CECH : CH4CH;CBr;CHs 
(from a.) (2 equiv) 


CI 
C. СН.СН>СЕСН = СНзСНССІСНСІЬ 
(from а.) ergy) 


Br. 
d. CH4CH,CH-CH; ? X CH3CH;CHBrCH;Br 
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Ман _ CH3gCH»CH>—Br 


e. CH3CH»,C=CH CHgCH,C=C -  СН.СН.СЕС-СН»СНЬСНЬ 


(from a.) 


О 
ТИХ 
[2] H2O 


Е CH4CH,CSC^ 
(from e.) 


CH,CH,C=C—CHzCH,0H 


О 
MU (> а: 
9. оњсњовс“ = - 

(from e.) [ ] 2 "с=ссн;СНа 


(+ enantiomer) 


11.63 
а. носон МН. носо ©НСНЈСНСН:СНСНавт сн CH CH,CH,CH,CH,C=CH 
_ СНСЊВг 
b. сњењењењењењс=ен — МН ~ CHICH,CH,CH;CH;CH;CSC ^ 9 CHgCHSCH;CH4CH;CH;C S CCHSCH; 
(from a.) 
fe 
| _ mA 
*  CH3CH2CH2CH2CH2CH2C=C CH3CH2CH2CHCH2CH2C =CCH,CH,0H 
(from b.) [2] Н2О 
1 
d. сн,сн,сн,сн,сн,сн,с=ссн,сн,он _ 11828 __. сн.сн,снсньснсньс=сснсн,оснснз 
и [2] СНЭУСНВг 
11.64 
E Br 
K* -ОС(СНа) Br 
“вг =. CH=CH; —2- ММ нс=сн МН нс=ст 
Br (2 equiv) 
ов 
H20 ZR Е 
di Mil с=с Pr -с=с аман = 
о H5SO,, HgSO, 
11.65 
а. c о [= Е ШЕЯ Mes 2 NH сн, с=сн МН . сн, c-c- 
| он Вг Да је 95 
вг [I — CH,- C2 CCH,CH,CH; 
SOCL, 
о“ ызы) 
b. ey нан т а 
H2O Ye о  (froma) во х 
(from a.) OH 


[2] нго 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 


Alkynes 11-21 


11.66 
H5SO Br. Br - 
а зон — 6 e оњесњ e | NaNHa сар _ Ман, нс=с 
B (2 equiv) PBr 
r | “вг 3 Сон 
[1] NaH 
C=C p" o НСЕС 
HO А 
P H20 
Br NaH О 
HSO Br 
Moh — CH=CH, — — A 
H20 OH 
C=C NaH C=C CH,CH,Br C=C 
b \ _ \ avito N 
Ho— oS (тот а.) сњењ-0—/ | 
(from a.) 
11.67 
: Br-Br: "nl B B 
Fer a Вг+ CH а ‘Br CH :Вг: 
2 СА $ ВГ а Pu + 1 
сња-сесен CH,-C-C-H Ты „С=С, ax 
ae t HO H н-ҝ2 н 
+ Br jb АД | 7 
HÖ Н-ОН» | 
СНз :Вг: 
:0: ~ | 
i C-C-H 
po ж= == 2 | 
СНУ '"CH$Br H^O: н 
+ ој H;O 
11.68 


Only this carbocation forms because 
it is resonance stabilized. The 
positive charge is delocalized on oxygen. 


Toy 
a 507 


n 
C. not resonance stabilized 


о d Y `O; 
Тон | + од (not formed) 
| re-draw 
ET OCH, 
CX Фон С 
`O; i О: FOCH; О; ОСН; О; 
CH3OH Н сњан х T 
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11.69 
СНз 
C 
4 
О: Q ¢ 
OH И CH ci 
d H20 
+ HÖ CH + a 
з OH :0: 
you E С 
J | 
CH3 .. H m pon = СНз (= H T 
с=0 UM А в “CO CHa, OH 
=. 


+ HCOOH resonance structures enol 
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Chapter 12: Oxidation and Reduction 


+ Summary: Terms that describe reaction selectivity 


A regioselective reaction forms predominately or exclusively one constitutional isomer 
(Section 8.5). 
CH3 


Chg CH 
Fa o" o” 


major product minor product 
trisubstituted alkene disubstituted alkene 


A stereoselective reaction forms predominately or exclusively one stereoisomer (Section 8.5). 


j i *"OCH;C H 
Na* OCH5CH / 
а que c os * 


trans alkene cis alkene 
major product minor product 


An enantioselective reaction forms predominately or exclusively one enantiomer (Section 12.15). 


“С=С С 
" Усњоно Sharpless PA 
reagent | 


үз о C—C™5CH,OH 
allylic alcohol | 


One enantiomer is favored. 


* Definitions of oxidation and reduction 


Oxidation reactions result in: Reduction reactions result in: 
* ап increase in the number of C-Z bonds, • adecrease in the number of C-Z bonds, or 
Or * anincrease in the number of C-H bonds. 


* adecrease in the number of C-H bonds. 
[Z = an element more electronegative than C] 


* Reduction reactions 


[1] Reduction of alkenes—Catalytic hydrogenation (12.3) 


• Syn addition of Н» occurs. 
* Increasing alkyl substitution on the C=C 
decreases the rate of reaction. 


H2 
R—CH=CH-R > 
Pd, Pt, or Ni 
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[2] Reduction of alkynes 


= 2H» 
R—-CzZC-R - 
[a] Pd-C 
H2 
[b] РУСИНА Lindlar > 
catalyst 
[c] в-с=с-н Ne 
NH3 


/ N 
н н 


\ 
H R 
trans alken 


Two equivalents of Н» are added and four 
new С-Н bonds are formed (12.5А). 


Syn addition of Н» occurs, forming a cis 
alkene (12.5B). 

The Lindlar catalyst is deactivated so that 
reaction stops after one equivalent of Н» 
has been added. 


Anti addition of Hz occurs, forming a 
trans alkene (12.5C). 


e 


The reaction follows ап $к2 mechanism. 
CH3X and RCH>X react faster than more 
substituted RX. 


[1] LiAIH, 
[2] H20 


alcohol 


* Oxidation reactions 
[1] Oxidation of alkenes 


[a] Epoxidation (12.8) 


\ и 
C=C 
/ \ 


+ 


RCO3H 


The reaction follows ап $м2 mechanism. 
In unsymmetrical epoxides, H (from 
LiAIHA4) attacks at the less substituted 
carbon. 


The mechanism has one step. 
Syn addition of an O atom occurs. 
The reaction is stereospecific. 


[1] RCO3H 


[2] H2O ( H* or HO? 


1,2-diol 


Ring opening of an epoxide intermediate 
with OH or H5O forms a 1,2-diol with two 
OH groups added in an anti fashion. 
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[c] Syn dihydroxylation (12.9B) 


N / [1] OsO,; [2] NaHSO3, H2O 
C 
/ N or 
[1] OsO,, ММО; [2] NaHSO,, НО 
or 
KMnO,, НО, НО“ 


e Each reagent adds two new C—O 
bonds to the C=C in a syn fashion. 


[d] Oxidative cleavage (12.10) 


e Both the o and x bonds of the alkene 
are cleaved to form two carbonyl 
ketone aldehyde groups. 


В Pi [1] Оз 
/ i [2] Zn, ЊО or 
CH3SCH, 


R' 


1]0 / 
R—-C=C-R' id + O=C ¢ The o bond and both л bonds of the 
[a] [2] НгО он 
internal alkyne alkyne are cleaved. 
carboxylic acids 
[1] Оз 


R-C=C-H 
terminal alkyne [2] H20 


H PCC * Oxidation of a 1° alcohol with РСС or 
[a] ПЕТАР ог HCrO,4 (Amberlyst A-26 resin) stops at the 
H НСО; aldehyde stage. Only опе С-Н bond is 


Amberlyst A-26 
1? alcohol "ITE Y? replaced by a C—O bond. 


e Oxidation of a 1° alcohol under harsher 


H 
[b] oe — Әк reaction conditions—CrO3 (or Na3Cr3O; ог 
н} H5SO,, H2O K2Cr207) + НО + H2.SO,—affords a 
1? alcohol RCOOH. Two C-H bonds are replaced by 


two C-O bonds. 


e Since a 2° alcohol has only one С-Н bond 
on the carbon bearing the OH group, all 
R Or Сте reagents—PCC, СгОз, Na2Cr207, 
2? alcohol Amberlyst A-26 ketone K2Cr207, or HCrO4 (Amberlyst А-26 
ded resin)—oxidize a 2? alcohol to a ketone. 


H 
[c] R-C-OH PCC or CrOs 


[4] Asymmetric epoxidation of allylic alcohols (12.15) 
H — CH;-OH 


(СНз)зС — OOH 
R H Ti[OCH(CH3)2], 


with (-)-DET with (+)-DET 
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Chapter 12-4 
Chapter 12: Answers to Problems 


12.1 Oxidation results in an increase in the number of C-Z bonds (usually C—O bonds) or a decrease in 


the number of C-H bonds. 
Reduction results in a decrease in the number of C-Z bonds (usually C—O bonds) or an increase in 


the number of C—H bonds. 
О 
| 


О 
oxidation C Cy 
аа x7 —— р C. СНУ “СНз —— —* СНУ СООН» 


CH4CH;CI neither 


b. © — © reduction d. CH=CH; 
1 new C-H bond 


and 1 new C-CI bond 


0 
oxidation 


12.2 Hydrogenation is the addition of hydrogen. When alkenes are hydrogenated, they are reduced by 
the addition of H; to the x bond. To draw the alkane product, add a Н to each C of the double 


bond. 
CH 
НСНУ СнаСнСн(Снз) 
eye сн.-с—с-н с. — 
CH; H ü d 


"Ec PP 


12.3 Draw the alkenes that form each alkane when hydrogenated. 
H 
а У а Sor Y тас id с. 82116: 
ог ог 
SS в. OS 
Pd-C 
н, or 


12.4 Cis alkenes are less stable than trans alkenes, so they have larger heats of hydrogenation. 
Increasing alkyl substitution increases the stability of a C=C, decreasing the heat of 


hydrogenation. 
A M ccu b or 
a с=с ог с=с 
s / N / X 
H H H СН›СНз 
сіѕ аКапе trans аКапе trisubstituted disubstituted 
less stable 


less stable 
larger heat of hydrogenation larger heat of hydrogenation 
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12.5 Hydrogenation products must be identical to use hydrogenation data to evaluate the relative 


stability of the starting materials. 
РРА Different products are formed. 


ДА 


А 2. Hydrogenation data can't 
тыи ВЕЧЕ be used to determine the 


relative stability of the starting 
em dbi ido materials. 


3-methyl-1-pentene 


12.6 Increasing alkyl substitution on the С=С decreases the rate of hydrogenation. 


With one equivalent of . . 
Н», only the more reactive disubstituted 
of the double bonds will more reactive 


be reduced. ac 
CH? н, Pd-C CHs 
СН: C СНз cH 
CH3 (1 equiv) CH3 
trisubstituted limonene 
12.7 
new stereogenic center Two enantiomers are formed in equal amounts: 
H сњењ BN NE Luo Та 
а. C=C 


CH3—C—CH,CHsCH, Cu j “С 
i ^ "N'CHSCH5CH CH4CH5CH»2" 7 
H ^ CH,CH;CHs H CH Уң eee sCH2CH2"4 ^ gg, 


CH3 H 
b. сн CH, CH3 fa + Chs ЕТ 
3 


diastereomers 
с. Occ. a x "Dee. 


diastereomers 
12.8 
Combeund Molecular formula Molecular formula Number Number of 
ш before hydrogenation | after hydrogenation | ofrings л bonds 
A CioHi2 CioHie 3 2 
B СН C4Hio 0 1 
С СеНв СН 1 2 
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12.9 
н, рас СНгОСО(СН2)лвСНз 
СНОСО(СН,)6(СН2СН»,СН›)(СН»)4СНз В 
CH,OCO(CH,) isCHs өхсеѕѕ CH,OCO(CH)) i CHs 
CHOCO(CH3)e(CH2CH-CH)«(CH2)4CHs | Hp, Pd-C CH;OCO(CH;) i CHs CH;OCO(CH?) iC Hs 
САБОСО(СН) СНз СНОСО(СН;)ј,СН„СН=Сн(СН;)СНа CHOCO(CHp)gCH2CH=CH(CHp)4CHg 
А 1eqiv Сн,осо(сн,) СН, Сн,оСо(Сн,) СНз 
С ог С 
A has 2 double bonds. C has 1 double bond. B has 0 double bonds. 
lowest melting point intermediate melting point highest melting point 


12.10 Hydrogenation of HC=CCH2CH2CH3 and CH3C=CCH2CH3 yields the same compound. The heat 
of hydrogenation is larger for HC=CCH2CH2CH; than for СНзС=ССН›СН:з because internal 
alkynes are more stable (lower in energy) than terminal alkynes. 


О 
сн„-с=<6-СЊСНа Dy p cis-jasmone 
H c 
- С (perfume component 
Lindlar catalyst H isolated from jasmine flowers) 


СНз 
А 


12.11 


12.12 To draw the products of catalytic hydrogenation remember: 
• Н, (excess), Pd will reduce alkenes and alkynes to alkanes. 
• Н, (excess), Lindlar catalyst will reduce only alkynes to cis alkenes. 


_ Hp (excess) 
а. CH52CHCH;CH5 C=C СНз РАС = CH4CH2CH5CH5;CH2CH5CH;4 
EM Н» (excess) 
b. CH,=CHCH,CH,-C=C—CH3 pem > CH2-CH-CHs5-CH5 CH 
indlar Su 
catalyst с=с 


H H 


12.13 Use the directions from Answer 12.12. 


Н, (excess 
а. он,осн,сн,с=ссн,сн(сн; "ef | СНАОСН„СН„СН;СНСЊСН(СНа) 
Pd-C 
Ho (1 equiv) CH4OCH5;CH5 CH2CH(CH3)2 
b. CH3OCH;CH;Cz CCH;CH(CH3)o ===: ъ= 
Lindlar catalyst / N 
H H 
CH4OCH;CH5 СН>СН(СНз)> 
_ Нә (excess) \ / 
C. CH4OCH;CH;CECCH5CH(CH3)o C=C 
Lindlar catalyst T4 т 


CH4OCH,CH, н 
d. CH4OCH,CH,CSCCH,CH(CHg, Ма, “Нз с=с 


/ \ 
H CH35CH(CH3)o 
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12.14 
D2 
CH3CD2CD5CH5CH5CH 
Pd-C 3CD2CD2CH2CH2CH3 
СНз-С=С-СНЬСНЬСНз - с=с 
Lindlar D ` 
catalyst 
КЕ E E. 
А 
МОз р CH2CH2CH3 
12.15 
H 
= Lindlar S 
н A catalyst н B 


12.16 ПАЈН, reduces alkyl halides to alkanes and epoxides to alcohols. 


СНз СНз 
а ДО Јај шан, ДА р] b (fo [1] LiAlH, on 


[2] H2O [2] H2O 


H replaces Cl. 


12.17 To draw the product, add ап О atom across the x bond of the C=C. 


о О 
РА 
а. онорон. EBS... черан. с. ЕТЕ 8 (Pon, 


ÁN 
b. (CHg.C—C(cH4, —CPBA, — (cH, c — (СНз) 


12.18 For epoxidation reactions: 
* There are two possible products: O adds from above and below the double bond. 
e Substituents on ће C=C retain their original configuration in the products. 


CH, Н О сна H 
‘=~ mCPBA £N ^, ў ; 
C=C «С=С, + Heo cH enantiomers 
a. / \ СНз 4 у Н E. 
H H H H 
CHsCHp РОЗЕ TO О CH3CHp , (CHeCHg 
Б C=C E со + НЕОН 
н H CHaCH2?", V CH2CHs NV / 


п | д identical ii 


Сн» СНз СНз 
с. CY mCPBA ec + o enantiomers 
H “н 
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12.19 Treatment of an alkene with a peroxyacid followed by H2O, НО” adds two hydroxy groups in an 
anti fashion. cis-2-Butene and trans-2-butene yield different products of dihydroxylation. cis-2- 
Butene gives a mixture of two enantiomers and trans-2-butene gives a meso compound. The 
reaction is stereospecific because two stereoisomeric starting materials give different products 
that are also stereoisomers of each other. 


HO CH 
CHyrng_gunCHs 11 АСОЗН АВА у“ 
тее, Ma ® 9-6 
| [2] НО, HO JE ed dd СН. 
cis-2-butene enantiomers 
HO H CH OH 
[1] RCO3H \ FACH 3 
a то М Ho e 
- СН “H 
H СНз [2] H20, HO B oH "4 bu 
trans-2-butene identical 


meso compound 


12.20 Treatment of an alkene with OsO, adds two hydroxy groups in a syn fashion. cis-2-Butene and 
trans-2-butene yield different stereoisomers in this dihydroxylation, so the reaction is 


stereospecific. 
HO OH CH3 CH3 
Снз с=с" СНа [1] OsO, Б А He ga 
“ wy «А 
Н H [2]NaHSO,,H,0 СН“ СНз т ~ 
; identical 
cis-2-butene meso compound 
[1] OsO HO OH H 
сч 7 о бое, + до + 
a [2] NaHSOs, Н „С—С, = 
M Хон, wee CHS 'H 
trans-2-butene H СНз HO OH 


enantiomers 


12.21 To draw the oxidative cleavage products: 
* Locate all the л bonds in the molecule. 
* Replace all C=C’s with two C=O’s. 


Replace this x bond with two C=O's. 


[1] 03 
_8_ m = One ketone and 
а. (СНо)>С=СНСН»СН»СН» СНУ Е. (СНз) с=0 + и ane didelivde 
ketone aldenyae are formed. 
[110 n 
b. РА ым. | р Ы 5 Two aldehydes аге formed. 
[2] Zn, НО H 


[1] Os 
с. e" О A dicarbonyl compound is formed. 
[2] Zn, H2O О 
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12.22 To find the alkene that yields the oxidative cleavage products: 
* Find the two carbonyl groups in the products. 
* Join the two carbonyl carbons together with a double bond. This is the double bond that 
was broken during ozonolysis. 


CH3 CH; СЫ; 
a. (СНз)>С=О + (СНС) С=О ===> (СН»)»С=С(СН»СН»)» C. с=о only ===> с=с, 
СНз СНз СНз 
Join these two C's. With only one product, 


the alkene must be symmetrical 
around the double bond. Join 


CHCH; this C to the same C in another 
4 F Би => identical molecule. 


Join these two | $. 


12.23 


о [e 

OREH Ону 
пек а [2] СНа5СНа { 

OR OB LLY 
ООО me s [2] CHs3SCHg "и o 6 


12.24 To draw the products of oxidative cleavage of alkynes: 
* Locate the triple bond. 
* For internal alkynes, convert the sp hybridized C to COOH. 
* For terminal alkynes, the sp hybridized C-H becomes CO;. 


I 


CH,CH,-CSC-CH,CH;CH, __19% i i 
а. CRT P7 27 мно CHCH ^он * но“ CH CH2CHg 


internal alkyne 


[1] O n | 
= Ы C * C 
(> | [2] Н.О Cy OH HO G 
internal alkyne | . 
identical compounds 


terminal alkyne internal alkyne 


+ | [1] Og И о 
с. H-C=C-—CH,-CH,-C=C-CH, 2. бон C 
[2] HzO 
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12.25 
а. CO» + CH4(CH;)gCO;H b. | CH3CH;CH(CH3)CO;H с. | CHSCH;CO;H, HO;CCH;CO;H, CH3CO;H 


| 


CH3(CH2)g -C=CH 


CH,CHjCH~C=C—CHCH,CH, CH;CH»—C=C-—CH,-C=C-CH, 


H H = 
CH; CH3 d. HO;C(CH;4CO;H — 


12.26 For oxidation of alcohols, remember: 
• 1° Alcohols are oxidized to aldehydes with PCC. 
e 1° Alcohols are oxidized to carboxylic acids with oxidizing agents like CrO3 or NazCr207. 
e 2° Alcohols are oxidized to ketones with all Сто" reagents. 


О 
CrO 
он РСС н OH 3 
a ANN ж оазе о с. E 82804, H20 
О 
ОН о 
ОН О бе 
ri 
b. AK РОС; p d. — 
H5S0,, H2O 
12.27 Upon treatment with HCrO, – Amberlyst A-26 resin: 


• 1° Alcohols are oxidized to aldehydes. 


OH 
• 2° Alcohols are oxidized to ketones. 
H 
о 


ОН О 
а. (C HCrO4* x: (У с. di d d НСО 
Amberlyst A-26 resin H OH Amberlyst A-26 resin О 


НСО, 


b. HO OH О / О 
Amberlyst A-26 resin 


The by-products of the reaction with sodium 
hypochlorite are water and table salt (NaCl), as 

a. pP NaOCl | E + NaCl + HO opposed to the by-products with HCrO; — 
Amberlyst A-26 resin, which contain carcinogenic 
Сг?* metal. 


b. Oxidation with NaOCl has at least two advantages over oxidation with CrO,, H,SO, and H,O. 
Since no Ст“ is used as oxidant, there are no Cr by-products that must be disposed of. Also, 
CrO, oxidation is carried out in corrosive inorganic acids (H,SO,) and oxidation with NaOCl 
avoids this. 


12.29 


H 
Ho se 
ethylene glycol О О 
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12.30 To draw the products of a Sharpless epoxidation: 
* With the С=С horizontal, draw the allylic alcohol with the OH on the top right of the alkene. 
* Add the new oxygen above the plane if (-)-DET is used and below the plane if (+)-DET is 
used. 


-— (СНз)зС— OOH % с OH 

B Ti[OCH(CH3)2], / V yu 
(+)-DET 

(+)-DET adds O 

below the plane. 


d но .—0H 
b (y .re-draw (сњус-оон AN 
| Ti[OCH(CH3)2l4 
(-)-DET 


(-)-DET adds O 
above the plane. 


12.31 Sharpless epoxidation needs an allylic alcohol as the starting material. Alkenes with no allylic 
OH group will not undergo reaction with the Sharpless reagent. 


This alkene is part of an allylic alcohol 
and will be epoxidized. 


geraniol ме 


This alkene is not рай of an 
allylic alcohol and will not be epoxidized. 
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12.32 Use the rules from Answer 12.1. 


OH 
a. (cscs LE O reduction d. Сә Cy reduction 
О 


b. 779g —— p oi oxidation e. CH=CH, ——- CICH;CH;CI oxidation 
(2 new C-CI bonds) 
€. | СНзСН»Вг —— СН›=СН› neither f. HO f \ OH а == oxidation 
1 C-H and 1 C-Br zm 


bond are removed. 


12.33 Use the principles from Answer 12.2 and draw the products of syn addition of H, from above 
and below the C=C. 


12.34 Increasing alkyl substitution increases alkene stability, decreasing the heat of hydrogenation. 


A AL ac 


2-methyl-2-butene 2-methyl-1-butene 3-methyl-1-butene 
trisubstituted disubstituted monosubstituted 
smallest AH? = —112 kJ/mol intermediate AH? = —119 kJ/mol largest AH? = —127 kJ/mol 


12.35 
A possible structure: 


a. Compound A: molecular formula С5Нв: hydrogenated to C5H4o. 
2 degrees of unsaturation, 1 is hydrogenated. 
1 ring and 1 x bond 


b. Compound B: molecular formula С-оН+ в: hydrogenated to C46H;. 


3 degrees of unsaturation, 1 is hydrogenated. 
2 rings and 1 x bond а 


c. Compound С: molecular formula CgHg: hydrogenated to CgH46. 
5 degrees of unsaturation, 4 are hydrogenated. 
1 ring and 4 x bonds - 
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12.36 
7 а. monosubstituted ^ чо О 
largest heat of hydrogenation S Hy С 
b. fastest reaction rate [2] Zn, ЊО H H 
A ' О 
p^ a. tetrasubstituted €. jO 
smallest heat of hydrogenation О Кр 
b. slowest reaction rate [2] Zn, Н2О +O 
B identical 
: : с. 
a. trisubstituted [1] Оз О 
unl H . . 
intermediate heat of hydrogenation Д 
b. intermediate reaction rate [2] Zn, H2O o + H 
С 


12.37 Work backwards to find the alkene that will be hydrogenated to form 3-те ћу рептапе. 


2 possible enantiomers: 


db dd e s P ELS Ri 


3-methylpentane А isomer S isomer 
12.38 
О 
а. OH Н» (excess) OH 
Pd-C 
stearidonic acid stearic acid 
О О 
b. Н» (1 equiv) 27 OH T 2 OH т 
Pd-C EN EN SW > 
О О 
id 2 OH + 2 2 OH 
Su. EN 
О 
Є ^ di OH 
EN 
trans 


one possibility 
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О О 
д. 2 2 OH di 2 OH 
EN x EN 
stearidonic acid product in (b) product in (c) 
4 cis C=C's 3 cis C=C's 2 cis and one trans C=C's 
12.39 
[1] LiAIH, | 
һ. ———— погеасїїоп 
Pd-C [2] НО 
н, О О 
b. no reaction | C) [1] Og 1 
Lindlar oo | H H 
[2] CH3SCH3 
с. (7 no reaction (CH9,COOH 
]. OU x no reaction 
d _CH3CO3H_ Ti[OCH(CH3)2, 
о (-)-DET 
[1] CHsCO3H OH „Он C) mCPBA 
es * anti addition К. о 
[2] НО, HO- ^ 
OH OH C [1] ШАН, [m 
l. ” 
[1] 030. + ММО OH О рњо 
f. syn addition 
[2] МаН$О., H2O 
OH 
KMnO OH 
9. Q ы ЕХ syn addition 
H20, HO- OH 
12.40 
Н» (excess) 
а. CH&CH4CH; C5 C - CH;CH;CHs раса dd 
Pd-C 
" CH,CH;CH,; — CH;CH,CHs d. 
D. CH3CHsCH,—C=C—CH,CHsCH3 ‘o=c cis alkene 
Lindlar catalyst H H 
Na но CH;CH;CHs 
с. CH3CH59CH5- Cx C - CH2CH2CHs <= E trans alkene 
Hs ^ сњењсњ Н 
[1] Os i | 


d. CH4CH5CH; - C zC — с СЊСНа 


Cy + C. 
[2] ЊО CH3;CH,CH,~ `OH CH3;CH,CH,~ `OH 


identical 
12.41 
ОНОН» Н Он» їй 
ee ~ io c б CH;OH C + „C 
с=с Pd-C т = CHCH S/CHeCH2OH  HOCH:CH?' И ~снсн, 
3 H 


/ \ 
СНз Сн;ОН [* = new stereogenic center] Two enantiomers are formed. 
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H H 
b. Breer Li mCPBA _ СНз, сс "СНОН (СНз)зСОоО " Cho, eon 
a — A 'H ссн “н TIOCH(CHggl ~ 3 AT 
CH, CHOH CH OH онон 
+ СНз, c: CH20H (CH3)3COOH о 
CHgCHp, H сыс “н Ti[OCH(CHg) Ја сн Аусњон 
а тла зе Ар CHOH, 20993 | 


СНАСН; Н ОШРВ% СНзСНЬ H 
М X. 


c. CHCH H V = 
EC. PCC CHCH Н 9. с=с а 
Је А, tg СНз СНОН CH,  СнВг 
H HOH DE | 
СНз СНО сн, CHO [2] LiAIH, 
[3] H2O 
d. CHCH, Н CrO3 сњсњ н снб, н 
= / \ 
P ES H5S0,, НО с=с pe 
Ug. CHOH CH, COOH CH, бы 
MU Hciog _ Сењ Н 
med Amberlyst A-26 AR 
CH, CHOH CH, CHO 


12.42 


Ho 

a. OH OH 
Pd-C 

OH №а,Сг0О5 OH 

Н804, H2O 

у oe. PCC Cy" 
ws 

(y ^он СЕЗСОЗН (№ ОН И ec 


d. 
H H 
H .— OH 
(^y ^w mes p Oe 
e. P 
[2] NaHSOs, H20 “OH OH 


See 
и он [1] HCO3H РОН Рон 
d [2] H2O, HO- Qi | 
ОН 
OH  _ redraw e$ (CH,)sCOOH 
- CT Ti[OCH(CHs)o]4 


(+)-DET 


OH KMnO, Жи Qui 
+ 
MO, MO “OH OH 


12.43 
OH О 
а. РСС Он СгОз OH 
E H5SO,, НО { 
Q 
PCC 
D. CH3CH;CH;CH;OH CH,CH,CH;" Сон 


12.44 
" Am [1] SOCL, Ans [2] LiAIH, AN 
pyridine [3] H2O 
b. ( )-њ [1] 080, Ок 
[2] NaHSO3, НО СНОН 


[1] mCPBA 


с сн [2] LiAIH, _ 
| [3] H2O 
d. uM \ = зе 
d Lindlar 
catalyst 
12.45 
a. Н», Pd-C 
Q b. mCPBA CN d. [1] НАНА (m f. РВгз _h. [1] LIAIH4 e 
О [2] HzO or HBr о" END 
C. KMnO, г 1] OsO,4 _ сто _ 
- . H2O СОН 9. CrOs, or РСС or HCrO,, 
Н2О, HO Г [2]NaHSO3,H,O |е. НО COH) HSO њо о 
Cr di nd * x A-26 resin 
OH “OH 


(+ enantiomer) 


12.46 Alkenes treated with [1] OsO, followed by NaHSO, in H,O will undergo syn addition, whereas 
alkenes treated with [2] CH,CO,H followed by OH in H,O will undergo anti addition. 


H OH 
| в. ме [1] OsO, X / 
a Е ee 
н н [2] NaHSO3, HO . (CH3);CH 7 V" CH(CH3); 
H H 
H H H HO H HO OH 
[2] (©Нз)гС е [1] СНАСОЗН \ EACH СН у шы M: 


= E “СС, 
H  ‘снену 121709, НО (CHCH А (CHgeCH'/ — V"CH(CH3; 
anti addition H OH H H 
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CoH H HO OH HO H 
[1] Ж. [1] OsO, b d rotate Ais ОН 
H ‘сн [2] Ман$О., HO H7 V" C4 Hs e s * enantiomer 
syn addition CH; H 675 
НО 
[2] CeHs %Н%5 [1] СНАСОЗН N 25055 
C=C p „C—C + enantiomer 
Е. В [2] ОН, H2O "n \ 
СЕЊ OH 
OH 
CH4CH,CH H 
HO OH generis 
H3CH,CH 
и S Роне [1] 0504 \ / rotate 
c. [1] С=С ва С—С, ee 
ae [2] Манѕоз, H2O CH,CH,CHZ 4 \снснснз H CH,CH,CH; 
syn addition OH 
OH 
CH3CH;CH2 H 
CH4CH,CH 
jo] ^35 dt [1] СНАСОЗН 
= Ec UE H CH;CH;CH 
H X CH,cH,cH, [2] OH. H2O ju SEEN 
12.47 
| T OH 
lo: n. Он 
ыт 
+ AIH, + Lit 


D- (from LiAID4) opens the epoxide ring from the back 
side, so it is oriented on a wedge in the final product. 
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12.48 
а! " 
Хан . 
[1] co [2] :0: UW :ÓH 
О > m = 
c% Br а“ oar 
YN | 
mCPBA 0). Н G :OH 0 
E de > 
t OH - 
7 :OH 
a A 
UC Ма“ + Н, + Br 


12.49 Use the directions from Answer 12.21. 


[1] Os 
[2] CH3SCH, 


b [1] Os нз 
| = о + O-C 
[2] Zn, H2O сн, 


а. (СНАСН,)С=СНСНСНа (CH43CH9);C—O + 


O=CHCH;CH; 


[no 
E dos с. E 
А (е) 2]н0 CY S. D 10) 


identical 


12.50 
a. (CH3)2C—O and сЊњ=о => (СНајгС=<СН с. 


CH3CH»CH»CHO only > | CH4CH;CH;CH- CHCH;CH;CH; 


Join this C to the same С 


in another ident 
b. O and О => — d. 


Join both of these 


to a C from formaldehyde. 


ical molecule. 


and 2 equivalents of P LÀ ДА 


C' 
* formaldehyde C 
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12.51 Use the directions from Answer 12.22. 
» N two C's. 


а. Сон и 
| ^ 18 [2] CH3SCH,- — XT 


2 degrees of unsaturation 


flos  Á,. 
| [2] [2] CHSCH,- 


3 degrees of unsaturation 
two M + one x bond 


12.52 


one ring + one x bond 


Join these two C's. Join these NE C's. 


COOH C=CCH, 
a. CH4CH;CH,CH,COOH and CO; === сњењењењс=ен © CY and ies] 


Join these two C's. 


b. CH&CH;COOH and CH&CH;CH;COOH === CH4CH;C S CCH;CH;CHs 


12.53 
a. squalene 
[1] Os 
[2] Zn, НО 
H 
p" +O + O 
О О О 
H H | 
2 equiv 4 equiv 1 equiv 
(from portion A) (from portion B) (from portion C) 
COOH 
b. H 
linolenic acid c. [1] Os О О 
+ 


+ | 
[1104 [2] Zn, ЊО A HAS Ц о ~ 
[2] Zn, НО но 


Н 
€ A ое zingiberene 
t + (Ө) 
ноет 
2 equiv 


12.54 


о 
110 
[2] CH3SCH3 H 


| 
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b. Де Н, (excess) pu Д2 [1] NaNH; ди 
В 


Pd-C [2] СНа! CHp С 
СвН1о 
12.55 
н, ram Р Тре hydrogenation reaction tells you that both 
СлоН1в oximene and тугсепе have 3 x bonds (and по rings). 
Pd-C di Use this carbon backbone and add in the 
3 degrees of unsaturation 2,6-dimethyloctane double bonds based on the oxidative cleavage products. 
i pw 
Oximene: (снус=о сње=о CH,(CHO), сна С-сно ^ ^ им 
О 0 
| 
Мугсепе: (CH3)2C—O сњ=о u P oben оно SS 22 
(2 едиіу) 
12.56 
Н, (2 едим) H 
a. 2 2 
A didi d Pn — | у 
Pd-C indlar catalyst 
C7Hi2 
A A B 
oxidative Ма, МН; 
cleavage 
о dd d 
pu + other product(s) С 


b. А does not react with NaH because it is not a terminal alkyne. 


12.57 
OH 
+ 
Pd-C 
decalin 
Слонаво C1oH46 C1oH46 
A B С 


ozonolysis 


о О 
СТ сою C10H1602 
E 
D 


О 
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12.58 Since hydrogenation of DHA forms CH4(CH;),,COOH, DHA is a 22-carbon fatty acid. The 
ozonolysis products show where the double bonds are located. 


DHA 
COH 
A B B B B B C 
[1] Og 
[2] Zn, ЊО 
CHCH CHO + ОНССЊСНО + ОНССЊСНСОН 


(from portion А) 5 equiv 


(from portion C) 
(from portion B) 


12.59 The stereogenic center (labeled with *) in both structures can be R or S. 


О H 
9 О ozonolysis Нг 
4 H + „М or = Pd-C 
О 
о i о butylcyclopheptane 
m H possible structures for 
dictyopterene D' 
12.60 
en О ОН 
а. “^он redraw _(оњусоон "И 
Ti[OC(CH3)2l, 
(-)-DET 
H, (CHOH 
b. H«c c CH20H (CH3)3COOH (CH3)3C (ен 
(CHg4C H Ti[OC(CHg)2], v 
(+)-DET 
12.61 
А 
‚ re-draw б 
| >. 3 enantiomeric excess = 
id on CHa) COOH. JAg SHOH + yee % one enantiomer — % second enantiomer 
Ti[OC(CH3)a]4 H o H 
(-)-DET ee = 87% — 13% = 74% 


major product 
87% 


minor product 
13% 


330 


Chapter 12—22 


12.62 


Replace this О 
o^ to make an alkene. 
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Replace this O 


Ka make an alkene. 


C. 
-DET lar VUH == 
ИК „зет НО H CHOH (+)-DET H СНОН 
носн, „Сну HOCH; 
сн.” cH 
з (—)-ОЕТ сн сн» 
o Replace this O 
to make an alkene. 
12.63 Use retrosynthetic analysis to devise a synthesis of each hydrocarbon from acetylene. 
a. СНзСН>СН=СНЬ EIL. CH3CH,CH=CH Е» | C=CH НСЕСН 
Ман H 
HC=CH - cach 8080. снасњсгсн * 2 снсњснесн, 
Lindlar catalyst 
CHs CH3 
X 
b ОО == сн. с=с-сн. ===> CH3-C=CH > СЕСН > НСЕСН 
H H 
NaH CH,CI CH,CI н; s 
HC=CH — 27 -ozgj SL Снасесн NaH „сн, с=с 2738. CHy-C=C-CH, 2 \ 
Lindlar 
catalyst 
CH3 H 
/ = 
Е NE > СН.-СЕС-СН, > CHs-C=CH > TC=CH > НСЕСН 
H СНз 
н СНС! ман снас! Е 
— = а 
НСЕСН - C-CH — ^^ онз-с=он — — сн.-с=С” ——— CHy-C=C-CH, — =_= o=c 
3 
H 
d. (CH3)2>CHCH2CH2CH2CH2CH(CH3)2 — НСЕССНЬСН(СН.)> ~C=CH > HC=CH 
H 
CI - с! 2. 
HC=CH - C=CH ман о=с A с=с @ equiv) 
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12.64 
И И ЗЫ КИ 
CI 
HC=CH Nah HC=C7 = 
З 
[Net 
о. 
с У 
СОХ ыг i 
Lindlar catalyst 
12.65 
Br 
7 Bro AY -NH2 um Na m 
| m NH 
cis Br Gedy) 3 trans 
12.66 
А. Ghis CH3 
a = = E 
мо С— Са, C=C ===> CH3-C=C-CH; => HC=C-CH ===> HC=CH 
сна Сн» / \ Н 3 E 
H H 
CH3Cl = СНЗСІ 
нс=сн MH, eee EE ңс=с-сн„ “Н. -—с=с-сн, CO. снз-с=с-сн» 
H2 
Lindlar catalyst 
О СН СН 
Я а mCPBA “3 / 
сні Усна“ p= 
H H H H 
О 
bono Hora 
OH “СНз —> C=C > СН.-СЕС-СН: == НС=С-СНз === НСЕСН 
96 5 CH, Н 
(+ enantiomer) З б 
Н СНз mCPBA ЎА 
сн,-с=С-сн, Na, МНз Bed - HC сну * enantiomer 
(from a.) СНз H СНз H 
S P a H H 
o EE: с=с, > СН.-СЕС-СНЫы === HC=C-CH; === НСЕСН 
" у 
CH3 CH3 CHs CH 
HO OH 
H H KMnO, \ / 
f= \ wo, 
CH, CH, H20, НО" af T 


(from a.) 
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HO OH 
d. ~ / н сњ 
ES С, __ = C=C ===> СНз-С=С-СН. ==> HCzC-CH3 HC=CH 
H4 У сњ udin => 
CH3 H CH3 H 
(+ enantiomer) 
H сн KMnO, a fn | 
сс СС, (+ enantiomer) 
CH3 H H,0,HO- Hf нз 
(from b.) СНз 
12.67 
1] BH 
а; њен ен MES CeHsCH2—CH20H PCC CgHsCH2—CHO 
[2] H20, “OH 
H2O i. 9 
CgHsCH=CH 2- CeHsCH-CH POM B. 
b. CeHs 2 HS0; 675 3 сене“ “сна 
1] ВН 
с. Сенсн=Сн; en CcHsCH» - CH;OH oe CgHsCH,—COOH 
[2] H20, -OH H5SO,, H20 
НСЕСН 
NaH ó 
H 
CPBA /\ 1]-C=CH i 
d. СёН-СН=СНЬ m = „С-С-н Ир c=cH _ CeH;CH- CH,C S CH 
CeHg | | [2] ЊО 
12.68 
Br E p- 
NaH 
„чы з. Вг И ве 2 Nanfi РИ pw d 
1-pentene 
[enci 
N 
юз ш и 
(2E)-2-hexene МНз 
12.69 
1] 9-BBN or BH CrO3 
a. CHaCHCH=CH; 11 — — CH3CH;CH;CH;OH CH3CH,CH,COOH 
[2] H202, HO H;SO,, НгО 
HO 
РОСЬ mCPBA O, [1] LiAIH, 


CH3CHCH=CH; 


b.  CH3CH2CH2CH2OH — 
pyridine 


CH4CH;CH - CH; 


[2] H20 
НО, H2SO4 va 


| 
CH3CH;CH—CHs 


СтОз 
Н2804, H20 


ОРН „-CHs 


i 
О 
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OH OCH, 
с. © [1] OsO, СХ [1] Ман (2 equiv) or 
[2] NaHSO3, H2O он [2] CHsl (2 equiv) осн, 
Е о- OH О 
d. @ тСРВА Сә HC=C CX H20 CX PCC CX 
C=CH C=CH C=CH 


B 


[Nan 
НСЕСН 
= СНСЊВг Ж 
Hosp" “> се. Net C=C-—CH.CH; 
A 
Hə но _ | 
но-сньсн»-Сс=С—-СНн›СН» ~ O-CH;CH;-CSC-CH;CHg 


Lindlar catalyst 


c NH3 
(from a.) 
PBr 
CANA on 3 Pd N” ABr 
(from b.) 
d Pin Y PCC uf СНО 
(from b.) 


н, y 1119-ВВМ or BH; OH 
Lindlar catalyst [2] H202, HO- d 


b VA mCPBA РА ШИН Cox 
| ( ( o [2] H20 OH 


(from a.) 


NaH - Na 
NH3 "HO, HO- 


(+ enantiomer) 
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12.72 
NaH в ман zl ge m 
HC=CH > -СЕСН > CH,CH,—C=CH CH4CH,-CzC en Em 
| Ма, NH3 
с Ср 28 
V CI anti 
H addition 
(SR,4S)-3,4-dichlorohexane 
12.73 
РВгз K* OC(CH3); Вг, В 2 NaNH; 
a. Тон “вг = снњ=сњ; ~ 07 Br НСЕСН 
_ ман в ман - Be m 
НСЕСН > -СЕСН > CH34CH;-CZCH CH3CH,—C=C a 
| Na, NH3 
УМИРИТ 
| = Нг т «аи О 
NE * Lindlar catalyst Em ду ча 
(from а.) 
HO H 
| ПР ED 0MCh, 
i =/ [2] МаН50з, HO cu cu 7. Á 
(from b.) cH н 
12.74 


H—OCH;CHs + :0CH,CHs 
4 ч H 
Cem — О-о 
) ; ) 
Li- + Li Li» | 


Н 


=F 
(от + Li 


ЗОСН»СНз + Е 


H—OCH;CHs 
V 
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12.75 


The favored conformation 
for both molecules places 
the tert-butyl group equatorial. 


OH H 
CHo он в ics o а. = снс—( угон 
A B 
A 


This OH is axial and This OH is equatorial Е 
will react faster because and will react more slowly 
the OH group is more because the OH group 
hindered. is less hindered. 


12.76 
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12.77 


mCPBA M ef 
а. М 


"down" bond 
X O comes in from below. 


"up" bond 


OH м о 
„ Lu Ee. УМ 7% но. М mS мн 


Br* comes in from below. 


X 


НО attacks from the back side at the more substituted 
C. This places the OH group axial, on an "up" bond. 
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Chapter 13: Mass Spectrometry and Infrared Spectroscopy 


+ Mass spectrometry (MS) 


Mass spectrometry measures the molecular weight of a compound (13.1А). 

The mass of the molecular ion (M) = the molecular weight of a compound. Except for isotope peaks 
at М + Тапа М + 2, the molecular ion has the highest mass in a mass spectrum (13.1А). 

The base peak is the tallest peak in a mass spectrum (13.1A). 

A compound with an odd number of N atoms gives an odd molecular ion. A compound with an 
even number of N atoms (including zero) gives an even molecular ion (13.1B). 

Organic chlorides show two peaks for the molecular ion (M and M + 2) ina 3:1 ratio (13.2). 
Organic bromides show two peaks for the molecular ion (M and M + 2) ina 1:1 ratio (13.2). 

The fragmentation of radical cations formed in a mass spectrometer gives lower molecular weight 
fragments, often characteristic of a functional group (13.3). 

High-resolution mass spectrometry gives the molecular formula of a compound (13.4A). 


* Electromagnetic radiation 


The wavelength and frequency of electromagnetic radiation are inversely related by the following 
equations: А = с/у or v = с/А (13.5). 

The energy of a photon is proportional to its frequency; the higher the frequency the higher the 
energy: E = һу (13.5). 


+ Infrared spectroscopy (IR, 13.6 and 13.7) 


Infrared spectroscopy identifies functional groups. 
IR absorptions are reported in wavenumbers: 


wavenumber = У = 1/), | 


The functional group region from 4000—1500 cm is the most useful region of an IR spectrum. 
C-H, О-Н, and М-Н bonds absorb at high frequency, > 2500 ст '. 

As bond strength increases, the wavenumber of an absorption increases; thus triple bonds absorb at 
higher wavenumber than double bonds. 


с=с с=с 
~ 1650 ст“! ~ 2250 ст“! 


С 
Increasing bond strength 
Increasing У 


The higher the percent s-character, the stronger the bond, and the higher the wavenumber of an IR 
absorption. 


| 7 
—C-H =C =C-H 
| H 
Csp?-H Csp?-H C,,-H 
25% s-character 3396 s-character 50% s-character 
3000-2850 cm"! 3150-3000 стт! 3300 ст“! 


——————————————————————————————————A—— 
Increasing percent s-character 
Increasing v 
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Chapter 13: Answers to Problems 


13.1 The molecular ion formed from each compound is equal to its molecular weight. 


a. СзНвО b. СчоНоо C. CaHaO»o d. CioHisN 
molecular weight = 58 molecular weight = 140 molecular weight = 136 molecular weight = 149 
molecular ion (m/z) =58 molecular ion (m/z)=140 molecular ion (m/z)=136 molecular ion (m/z) = 149 


13.2 Some possible formulas for each molecular ion: 
a. Molecular ion at 72: СН С,Н;О, С.Н.О, 
b. Molecular ion at 100: САН, С;Н,,, СНьО, СНО, 
c. Molecular ion at 73: C,H N, C,H,N; 


13.3 То calculate the molecular ions you would expect for compounds with Cl, calculate the 
molecular weight using each of the two most common isotopes of Cl СТ and *’Cl). Do the 
same for Br, using "Br and "'Вг. 


a. C4Hg?*CI = 92 а. СН. М = 73 
С4Но37С! = 94 One peak at m/z 73 
Two peaks in 3:1 ratio at m/z 92 and 94 

b. C3H7F = 62 e. САНАМ, = 80 
Опе реак а{ луг 62 One peak at m/z 80 


с. Сен, "Вг = 162 
CgH4491Br = 164 
Two peaks in а 1:1 ratio at m/z 162 and 164 


13.4 After calculating the mass of the molecular ion, draw the structure and determine which C-C 
bond is broken to form fragments of the appropriate mass-to-charge ratio. 


e 


+ 
- CH3-C—CH3 + CHgCHCH,CH, 
Cleave bond [1]. | у 


[1] H 
| | m/z = 43 


uM EN — 
нон 


m/z = 100 е 


+ Р 
= CH3 С СНСНз + (СНз)2СН 
Cleave bond [1]. | 


m/z = 57 
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13.5 
Break this bond. 
ow © | А Mb 
CH,-C—'C—C-CHs S e che- ci; * :C—6-CHs 
| 
CHH H сн, H H 
m/z = 114 m/z = 57 
This 3? carbocation is more 
stable than others that can 
form, and is therefore the 
most abundant fragment. 
13.6 
Е Cleave bond [1]. Qm 
Е: * Нз t Кака 
n | 
Снау C7 CH;-CHs | _ m/z = 59 
) H a OH 
1] [2] | 
ы СЊСНа + СНз= С + 
Cleave bond [2]. ü 
m/z = 45 
b. 
+. 
ОН — HO T. T 
2 2 
CH4- C-CH;-CH; (сњеснењсна) + ( CHCH=CHCH; ) 
h m/z = 56 m/z = 56 
13.7 
О 
| + + + 
снзСн Tl CH,CH?-C-O O=C 
) (from cleavage of bond [2]) (from cleavage of bond [1]) 
[1] [2] 


+ + 
CH,CH,CH,C=O + HC=O 


b. | CHgCHsCH»CHsCH»CH,OH *CH4OH с. CHsCH,CHsCHO 


13.8 | Use the exact mass values given in Table 13.1 to calculate the exact mass of each compound. 


C;H5NO;4 Сана МО; C49H47;N 


mass: 151.0270 mass: 151.0634 mass: 151.1362 
compound X 
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13.9 


CgHg m/z» 78 | C;Hg m/z = 92 CgHi9 m/z = 106 


13.10 


13.11 


13.12 


13.13 


13.14 


13.15 


13.16 


( ФЕ? с, ў—ов GC-MS analysis: 
Three peaks in the gas chromatogram. 


Order of peaks: benzene, toluene, p-xylene, 

in order of increasing bp. 

Molecular ions observed in the three mass spectra: 
78, 92, 106. 


benzene toluene p-xylene 


Wavelength and frequency are inversely proportional. The higher frequency light will have a 
shorter wavelength. 

a. Light having a A of 10? nm has a higher v than light with a A of 10" nm. 

b. Light having a A of 100 nm has a higher v than light with a X of 100 um. 

c. Blue light has a higher v than red light. 


The energy of a photon is proportional to its frequency, and inversely proportional to its 
wavelength. 

a. Light having a v of 10° Hz is of higher energy than light having a v of 10^ Hz. 

b. Light having a A of 10 nm is of higher energy than light having a X of 1000 nm. 

c. Blue light is of higher energy than red light. 


The larger the energy difference between two states, the higher the frequency of radiation needed 
for absorption. The 400 kJ/mol transition requires a higher v of radiation than a 20 kJ/mol 
transition. 


Higher wavenumbers are proportional to higher frequencies and higher energies. 

a. IR light with a wavenumber of 3000 cm‘ is higher in energy than IR light with a 
wavenumber of 1500 cm”. 

b. IR light having a А, of 10 um is higher in energy than IR light having a à of 20 um. 


Stronger bonds absorb at a higher wavenumber. Bonds to lighter atoms (H versus D) absorb at 
higher wavenumber. 


a. ia or PRÉ AME b. enn ог ла 
_ Stronger bond lighter atom H 
higher wavenumber higher wavenumber 


Cyclopentane and 1-pentene are both composed of C-C and С-Н bonds, but 1-pentene also has a 
C=C bond. This difference will give the IR of 1-pentene ап additional peak at 1650 cm ' (for the 
C=C). I-Pentene will also show C-H absorptions for sp” hybridized C-H bonds at 

3150-3000 стг. 


Look at the functional groups in each compound below to explain how each IR is different. 


| 
сн “ен, CH,0CH=CH> [> он 
А В [e 
C=O реак at -1700 ст"! C=C peak at 1650 ст“! О-Н peak at 3200-3600 ст“! 
Csp—H at 3150-3000 ст“! 
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a. Compound А has peaks at ~3150 (sp? hybridized С-Н), 3000-2850 (sp? hybridized С-Н), and 


1650 (C=C) сш". 


b. Compound B has a peak at 3000—2850 (sp? hybridized С-Н) сит". 


13.18 All compounds show an absorption at 3000-2850 cm due to the sp? hybridized С-Н bonds. 
Additional peaks in the functional group region for each compound are shown. 


a. т“ т 


no additional peaks 


Aes 
О-Н bond at 3600—3200 ст“! 


C. PSP aN 


Csp?-H at 3150-3000 стг! f. 
C=C bond at 1650 ст“! 


C=O bond at ~1700 стг! 


13.19 


О 
СН 


Сзр?-Н at 3150-3000 cm! 
C=O at -1700 стг! 
C=C at 1650 cm" 
О-Н above 3000 cm! 
The OH of a COOH is much broader 
than the OH of an alcohol and occurs 
at 3500-2500 ст“! (see Chapter 19). 


О 
о 
H 
HO 
О-Н at 3600-3200 стг! 
N-H at 3500-3200 стт! 
Csp?-H at 3150-3000 cm! 
С=О at -1700 ст“! 


C=C at 1650 ст“! 
aromatic ring at 1600, 1500 ст“! 


Possible structures аге (а) CH,COOCH,CH, and (c) CH;CH,COOCH;. Compounds (b) and (d) 


also have an OH group that would give а strong absorption at ~3600–3200 cm, which is absent 
in the IR spectrum of X, thus excluding them as possibilities. 


13.20 
a. Hydrocarbon with a molecular ion at m/z = 68 
IR absorptions at 3310 cm = Csp-H bond 
3000-2850 cm ' = Csp/-H bonds 
2120 ст = С=С bond 
Molecular formula: С На 


| 
СНз 


b. Compound with С, Н, апа О with а molecular 
ion at m/z = 60 
IR absorptions at 3600-3200 cm = О-Н bond 
3000-2850 cm ! = Csp/-H bonds 
Molecular formula: C3H0 
CH4CH,CH, - O—H or | CH4CH-O-H 
Снз 
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a. © с: ее е. 


molecular formula: CgHg 
molecular ion (m/z): 78 


13.21 
(СНз)зССН(ВИСН(СН-)> 


molecular formula: C5;H; 90 
molecular ion (m/z): 86 


molecular formula: CgH;7Br 
molecular ions (m/z): 192, 194 


CI 


molecular formula: C49H46 
molecular ion (m/z): 136 


molecular formula: С5Н; {СІ 
molecular ions (m/z): 106, 108 


13.22 
T 
Cr [| OCH2CH3 
СӨН; CgH490 CgH490 


molecular weight = 120 ^ molecular weight = 134 


molecular weight = 122 


13.23 Examples are given for each molecular ion. 
a. molecular ion 102: С,Н,, СНАО, C4H4,0,, СНАМ, 
b. molecular ion 98: С,Н,, С,Н,.,, C,H4,0, С;Н,О, 
c. molecular ion 119: C,H,N, СНМ, 
d. molecular ion 74: СЕН», С.Н оО, C;H,O, 


13.24 Likely molecular formula, C&His (one degree of unsaturation—one ring or one л bond). 


Four structures with m/z = 112 


у” OO д. 


13.25 
СНз 
СНз-СН-СО5СНз CX 
Cl OCH, CH3CHsCH2Br 
B C A 
C4H;O5CI CgH490 C3H7Br 


molecular weight: 122, 124 molecular weight: 122, 124 


molecular weight: 122 


should show 2 peaks for the 
molecular ion with a 3:1 ratio 


Mass spectrum [1] 


should show 2 peaks for the 
molecular ion with a 1:1 ratio 


Mass spectrum [2] Mass spectrum [3] 
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13.26 
DA « OR «OA «DA « DA = 
or = ОГ or or = 
N Pd-C 
| | 
Possible structures 
C7Hi2 
(exact mass 96.0940) 
13.27 
[1] ji 
+ 
а —- uid 5 
ОН ОН ОН 
(from cleavage of bond [1]) (from cleavage of bond [2]) 
Шо B B 
b He —€— + lo» + ^ 
(from cleavage of bond [1]) (from cleavage of bond [2]) 
[1] ia 
+ 
с. — У + ЈИ 
О О О 
(from cleavage of bond [1]) (from cleavage of bond [2]) 
13.28 
um 
+e = H20 " Й е " ili 
a. (CcHs—CH=CH,) = CgH5- C - C - OH CgH5- C^ (resonance-stabilized 
нон Cleave bond [1]. H carbocation) 
m/z = 104 m/z = 122 m/z = 91 
H H 
авон 
Cleave bond [1]. ~ ? Pg 
3 H H 
] т/2 = 71 
CH; H н\ -H,O MI ÇH H| n E у 
b CH,-C—6- © ~ CH2-C7-C-C-OH | 1 CH=C-CH; 
Lo Cleave bond [2]. 
н H H m/z = 41 
[2] 
m/z = 68 m/z = 86 = 
e *CH;- OH 


Cleave bond [3]. m/z= 31 
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13.29 
CI bond [1]. Е 
[1] ,. Cleave bond П] он, + CH,CH,-C-CH,CH;CH,CH, пе = 127 
2 3 2 | 2 2 2 3 
\ СН, CHCH; 
CH3CH27 C—CH2CH2CH2CH; — 
CH CH, СНз 
[3] ~~ ,СН,СН,СН,СНз + CH4CH,-C* m/z= 85 
Cleave bond [2]. | 
т/2 = 142 | | CH2CH3 
CHa 
* СН>СНз + + C7 CH;CH;CH?CHs m/z- 113 
Cleave bond [3]. CHCH; 
13.30 
Ketone A Ketone B 
"ww" Pow 
m/z = 128 m/z = 128 
| a cleavage | a cleavage 
i i 
-CH CH3 + „ч "СН + LAAN 
m/z = 99 m/z = 113 
This is ketone A since с This is ketone B since a 
cleavage gives a fragment cleavage gives a fragment 
with m/z of 99. with m/z of 113. 


13.31 One possible structure is drawn for each set of data: 


a. A compound that contains a benzene ring с. A compound that contains a carbonyl group 
and has a molecular ion at m/z = 107 and gives a molecular ion at m/z = 114 
О 
NH3 || 
pom 
СНА "CH;,CH;CH,CH;CHs 
сным C7H140 
b. A hydrocarbon that contains only sp? hybridized d. A compound that contains C, H, N, and O and has 
carbons and a molecular ion at m/z = 84 an exact mass for the molecular ion at 101.0841 
О 
2C. 
CH; ^ ^NHCH;CH;CH3 


13.32 Use the values given in Table 13.1 to calculate the exact mass of each compound. C,H,,NO, 
(exact mass 153.0790) 1$ the correct molecular formula. 


13.33 Molecules with an odd number of N's have an odd number of H's, making the molecular ion odd 
as well. 
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13.34 Two isomers such as CH,=CHCH,CH,CH,CH; and (CH4),C-CHCH,;CH, have the same 
molecular formulas and therefore give the same exact mass, so they are not distinguishable by 
their exact mass spectra. 


13.35 a Cleavage of a 1? alcohol (RCH2OH) forms an alkyl radical К• and a resonance-stabilized 
carbocation with m/z — 31. 


+ 
+CH2OH CH2=0H m/z = 31 
resonance-stabilized carbocation 


13.36 An ether fragments by a cleavage because the resulting carbocation is resonance stabilized. 


1 2 Bond it Р vi 
[1] | = РОПА О. ону бн: + ci- Gch Сн,=0—Сн,-Снз 
CH3);CH— CH, =0— СН = СНз — resonance-stabilized carbocations 
( 3)2 2 2 3 Cleave | " 
on | т 
„вка. “CH, + — (CH3)CH— CH; —Ó— CH; (CHg);CH— CH;5—O —CH» 
13.37 
a. т or MEET b. ге ог а. с. 2 or C 
_ Stronger bond stronger bond stronger bond 
higher ¥ absorption higher ¥ absorption higher ¥ absorption 


13.38 Locate the functional groups in each compound. Use Table 13.2 to determine what IR 
absorptions each would have. 


a. C Csp?-H at 2850-3000 ст“! dS Сар“ at 2850-3000 стг 


О —С=О at 1700 ст“! 


E О-Н at 3200-3600 стг! 
= Csp-H at 3300 ст“! е. z 
i (re Csp?-H at 2850-3000 ст“! (уон Cap -H at 3000-3150 cm" 


| E Csp?-H at 2850-3000 cnr 
C-C triple bond at 2250 1 
а m C=C at 1650 ст“! 


n О-Н at > 3000 ст“! 
`OH -H at -31 Ei 
á O-H at 3200-3600 ст“! f Eur mn oUm 
ОСУ ЇЇ салон ал2в50-3000от! ' ао 
OH Ри phenyl group at 1600, 1500 ст“! 
The OH of the RCOOH is even broader than 


the OH of an alcohol (3500-2500 cm), as 
we will learn in Chapter 19. 
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13.39 
Че - : 
| and | HC=CCH,CH,CH, d. (ee and Д 
^C. 
C=C Bond C=C bond CH3(CH2)5 | ОСНз 
1650 ст“ 2250 ст“! 
Cs-H at 3150-3000 ст“! Сзр-Н at 3300 ст“! по C-O bond C-O bond 
-1700 стг! 
| О 
C and c 
b- снсн: ТОН сна OCH, е. CH,CSCCH, апі CH,CH,C=CH 
O-H bond no O-H bond no С=С absorption Сзр-Н bond 
> 3000 ст! due to symmetry 3300 ст“! 
[See note on OH in Answer 13.38f.] C=C bond at -2250 ст“! 
c. y and — CH,CH-CHCH;OH f. HCSCCHN(CH;CHg, and ^ CH&4(CHjgCEN 
СНзСНЬ CH3 
О-Н bond Csp-H bond 
C=O bond 3200-3600 стт! 3300 стт! 
1700 стг! Csp?-H at 3150-3000 cm! 
C=C bond at 1650 ст“! 
13.40 The IR absorptions above 1500 cm ' are different for each of the narcotics. 
HO E CH4O 
| 
о 
о О О 
М 
H . i? б H OH ‘сн, 
HO CH; го О 
morphine heroin охусодопе 
* О-Н bond at * С=О bond at * С=О bond at 
-3200-3600 ст“! -1700 cm"! ~1700 ст“! 
• по С=О ропа • по О-Н bond • О-Н bond at 


~3200-3600 ст“! 


13.41 Look for a change in functional groups from starting material to product to see how IR could 
be used to determine when the reaction is complete. 


Н Loss of the С=С will be visible in the IR 
by disappearance of the peak at 1650 cm". 


Loss of the О-Н group will be visible in the IR 
by disappearance of the peak at 3200-3600 стг! 
and appearance of the C=O at ~1700 cm”. 


Q 
= 


A _/ mo СНз ^ Lossofthe C=C will be visible in the IR 
| ( ü ( у= и by disappearance of the peak at 1650 cm"! 
[2] epos eth СНз апа appearance of the C=O at -1700 ст“. 
4 [1] ман Loss of the O-H will be visible in the IR 
| { у-н OSA by disappearance of the peak at 3200-3600 ст“. 


[2] CH4Br 
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13.42 In addition to Csp/-H at ~3000–2850 cm”: 


Spectrum [1]: Spectrum [2]: 
CH?-C(CH3)CH;?CH;?CH5CHs (B) (CH3CH35);COH (Е) 
C=C peak at 1650 cm OH at 3600-3200 cm’ 
Сар —Н at ~3150 сш" 
Spectrum [3]: Spectrum [4]: 
(СНз)>СНОСН(СН:)› (D) o> 
No other peaks above 1500 cm ! See I 


Сар —Н at ~3150 cm 
Phenyl peaks at 1600 and 1500 стг! 


Spectrum [5]: Spectrum [6]: 
CH3CH;5CH;CH5COOH (А) CH3COOC(CH3); (E) 
OH at ~3500–2500 cm | C=O at ~1700 cm! 


C=O at ~1700 cm! 


13.43 In addition to Csp’-H at -3000—2850 cm ': 


9 9 H сњон ОН 
m С, ‘c= 
сну “СНз CHCH“ ^H Va CH3-O-CH-CH» 
-1700 ст“! ~1700 ст“! (ОН) 3200-3600 cm"! (ОН) 3200-3600 ст“! (С=С)1650 стг! 
= —1 
(С=С)1650 ст (СзР-Н) 3150-3000 стг! 
(Csp?-H) 3150-3000 cm"! о о 
No enols (such as CH3CH=CHOH) are drawn | СНз | 


since these compounds are not stable. 


No additional peaks above 1500 cm"! 


13.44 
a. Compound with a molecular ion at m/z = 72 c. Compound with a molecular ion at m/z = 74 
IR absorption at 1725 ст ! = C=O bond IR absorption at 3600-3200 cm ! = О-Н bond 
Molecular formula: С4Н8О Molecular formula: C4H100 
О OH 


pw pe or Тон 


b. Compound with a molecular ion at m/z = 55 
The odd molecular ion means an odd number OH 
of N's present. Molecular formula: C3H5N ae Pm ~. 
IR absorption at 2250 cm ! = Сем bond 

CH3CH,C=N 
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13.45 
Chiral hydrocarbon with a molecular ion at m/z = 82 
Molecular formula: СеНо 
IR absorptions at 3300 cm ! = Csp-H bond 
3000-2850 cm™ = Csp/-H bonds 
2250 cm ! = C=C bond 


* | i . CH CH 
HC=CCHCH,CH, Two possible enantiomers: | 3 в, | 3 
Cin w= рее 
i CH "C=CH HCzC" ~ 
stereogenic center 3 ссн; ` C=C C=C if СН»СНз 


13.46 The chiral compound Y has a strong absorption at 2970-2840 cm! in its IR spectrum due to sp? 
hybridized С-Н bonds. The two peaks of equal intensity at 136 and 138 indicate the presence of 
a Br atom. The molecular formula is CjH;Br. Only one constitutional isomer of this molecular 
formula has a stereogenic center: 


Br aa Br 
а Pu NZ 


two possible enantiomers 


13.47 
О m/z = 92; molecular formula C7Hg 
H Zn(Hg) СНз IR absorptions at: Р 
к 3150-2950 ст“! = Csp?-H and Csp*-H bonds 
HCI 1605 ст“! and 1496 ст“! due to phenyl group 
2 
13.48 


H—Br 
U 
CH3 СНз af Н 
HBr + \ Ct -09 = 
р ЕСН» = сн ^CH,-H  .Br — X + Br 
СНз . 
H + HÖ 
13.49 
O fragments: O O 
P E | ay 
J 
CgH4520 а cleavage product а cleavage product 
m/z = 100 m/z = 43 m/z = 85 


IR absorption at 2962 ст“! = Cspi-H bonds The fragment at m/z = 57 could be due to (C4Hg)* or (C4H45O)*. 
1718 ст“! = C=O bond 
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13.50 
NH, © 


L 


K 
C;H,O m/z = 105 m/z = 77 

C7HeN m/z = 106 

m/z = 107 
IR absorptions at 3373 and 3290 ст“! = М-Н IR absorption at 3068 ст“! = Csp-H bonds on ring 
3062 cm = С-Н bonds 2850 cm = Сай-Н bond 
2920 ст“! = Сар-Н bonds 2820 ст“! and 2736 ст“! = С-Н of RCHO (Appendix E) 
1703 ст“! = C=O bond 


1600 cm“ = benzene ring 


The odd molecular ion indicates 
the presence of a N atom. 


1600 cm" = aromatic ring 


13.51 
Possible structures of P: 
Cl Cl 
= XQ ==) 
сно— ) сњо–( ў—о ОГ СНзО ОГ CH4O 
FeCls 


C;H;CIO 


m/z = 142, 144 
IR absorption at 3096-2837 ст“! = Cspi-H bonds and Сзр?—Н bonds 
1582 ст“! and 1494 ст“! = benzene ring 


The peak at M + 2 shows the presence of Cl or Br. Since 
Cl, is a reactant, the compound presumably contains Cl. 


13.52 The mass spectrum has a molecular ion at 71. The odd mass suggests the presence of an odd 
number of N atoms; likely formula, C,H,N. The IR absorption at ~3300 cm ! is due to М-Н and 


the 3000—2850 cm” is due to sp? hybridized С-Н bonds. 


Has us Lr — Оден + Na*Br + Н 
c hs 
27 b w 

+ Nat + Ho 


13.53 The a,B-unsaturated carbonyl compound has three resonance structures, two of which place а 
single bond between the C and O atoms. This means that the C—O bond has partial single bond 
character, making it weaker than a regular C=O bond, and moving the absorption to lower 


wavenumber. 


Oe — (де — О 


three resonance structures for 2-сусјоћехепопе 
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13.54 
a. and b. О " 
коз 3 O*Cr-oH Son Cr 
J HA 6 | 
:В 
mosso ion at 154 citronellol 
M purs 
IR at 1730 ст“! (C=O Y 
pan = + :В 
ork oH <a 
| ёч 
isopulegone 


+ Cr+ + Нв? 


ее 


ани 
H20 
+ H—B* 
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Chapter 14: Nuclear Magnetic Resonance Spectroscopy 


Ф ‘HNMR spectroscopy 


351 


[1] The number of signals equals the number of different types of protons (14.2). 


СНа–О-СНа СНзСН = СІ E RE 
На На На Нь На Hp He 

all equivalent H's 2 types of H's 3 types of H's 
1 NMR signal 2 NMR signals 3 NMR signals 


[2] The position of a signal (its chemical shift) is determined by shielding and deshielding effects. 
Shielding shifts an absorption upfield; deshielding shifts an absorption downfield. 
Electronegative atoms withdraw electron density, deshield a nucleus, and shift an absorption 
downfield (14.3). 


| This proton is shielded. 
—C-H--| Its absorption is upfield, 
0.9-2 ppm. 


| This proton is deshielded. 
ERE - Its absorption is farther downfield, 
X 2.5-4 ppm. 


Loosely held л electrons can either shield or deshield a nucleus. Protons on benzene rings and 
double bonds are deshielded and absorb downfield, whereas protons on triple bonds are shielded 
and absorb upfield (14.4). 


deshielded H 
downfield absorption 


=C-H 


shielded H 
upfield absorption 


[3] The area under an NMR signal is proportional to the number of absorbing protons (14.5). 

[4] Spin-spin splitting tells about nearby nonequivalent protons (14.6—14.8). 

Equivalent protons do not split each other’s signals. 

A set of n nonequivalent protons on the same carbon or adjacent carbons split an NMR signal 


into n + | peaks. 


OH and NH protons do not cause splitting (14.9). 

When an absorbing proton has two sets of nearby nonequivalent protons that are equivalent to 
each other, use the n + 1 rule to determine splitting. 

When an absorbing proton has two sets of nearby nonequivalent protons that are not equivalent 
to each other, the number of peaks in the NMR signal = (и + 1)(m + 1). In flexible alkyl chains, 
peak overlap often occurs, resulting in и + т + 1 peaks in an NMR signal. 


Ф ^C ММВ spectroscopy (14.11) 


[1] The number of signals equals the number of different types of carbon atoms. All signals are single 
lines. 

[2] The relative position of "C signals is determined by shielding and deshielding effects. 

Carbons that are sp* hybridized are shielded and absorb upfield. 

Electronegative elements (N, O, and X) shift absorptions downfield. 

The carbons of alkenes and benzene rings absorb downfield. 

Carbonyl carbons are highly deshielded, and absorb farther downfield than other carbon types. 
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Chapter 14: Answers to Problems 


14.1 Use the formula д = [observed chemical shift (Hz)/v of the NMR (MHz)] to calculate the 
chemical shifts. 


а. CH; protons: OH proton: b. The positive direction of the 8 scale is downfield 
6 = [1715 Hz] / [500 MHz] ô = [1830 Hz] / [500 MHz] from TMS. The СНз protons absorb upfield 
= 3.43 ppm = 3.66 ррт from the OH proton. 


14.2 Calculate the chemical shifts as in Answer 14.1. 


a. one signal: second signal: b. one signal: second signal: 
д = [1017 Hz] / [300 MHz] ӧ = [1065 Hz] / [300 MHz] 3.39 = [х Hz]/ [500 MHz] 3.55 = [x Hz] / [500 MHz] 
= 3.39 ррт = 3.55 ppm x =1695 Hz x = 1775 Hz 


14.3 To determine if two H's are equivalent replace each by an atom X. If this yields the same 
compound or mirror images, the two H's are equivalent. Each kind of H will give one NMR 


signal. 
а. CH3CH3 с. CH3CH2CH2CH3 e. CH3CH;CO;CH5CH;4 9. CH3CH20CH2CH3 
: : р 4 kinds of H's 2 kinds of H's 
1 kind of H 2 kinds of H's : Е 
1 ММА signal 2 ММВ signals 4 ММА signals 2 ММА signals 
b. CH,CH,CH, а. (СНз)-СНСН(СНз)о f. CH&OCH2;CH(CH3) h. CH3CH;CH;OH 
2 kinds of H's 2 kinds of H's 4 kinds of H's 4 kinds of H's 
2 NMR signals 2 NMR signals 4 NMR signals 4 NMR signals 


14.4 


Each C is a different distance from the Cl. This 
CH4CH5;CH5CH2CH5CH2;CH5;CH;CI makes each C different, and each set of H's 
different. There are 8 different kinds of protons. 


14.5 Draw in all of the H's and compare them. If two H's are cis and trans to the same group, they 
are equivalent. 


H H 
ng: На-На 7° CHa—Ha Нн 0 сњ-—н 
PE" “^н H H i 
a. 4identical H's „гПа b C. 
н, СНз Hg ~H Т H=— Нь H4—-H H-— Hp 
H 
2 NMR signals Nu. он, 
9 4 ММВ signals 3 ММВ signals 


14.6 Ifreplacement of H with X yields enantiomers, the protons are enantiotopic. 
If replacement of H with X yields diastereomers, the protons are diastereotopic. In general, if 
the compound has one stereogenic center, the protons in a CH» group are diastereotopic. 
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CH3CH2CH2CH2CH2CH3 


replacement 
of H with X 


Г? | 


Cu, C 
CH,CH;CH;CH; 7 ~ снснсн;сн;“ 
enantiomers = 
enantiotopic H's 
CH3CH2CH2CH2CH3 
replacement 
of H with X 
CH3CH2CHCH2CHs 
| 


X neither enantiotopic n 


Nuclear Magnetic Resonance Spectroscopy 14–3 


с. CH3CH(OH)CH>CHCH3 


Pick one configuration at the 


dus : replacement 
existing stereogenic center. 


of H with X 
CH3 Hy CH3 X ü 
N 5 \ i 
0—8 pou 
HO" HO" 
Mt CHCH; НОН СН2СНз 
diastereomers = 


diastereotopic H's 


no stereogenic center 


or diastereotopic 


14.7 The two protons of a CH» group are different from each other if the compound has one 
stereogenic center. Replace one proton with X and compare the products. 


a. The stereogenic center makes the H's in b. с. 
the CH» group diastereotopic and H . Hp H 
therefore different from each other. |^ stereogenic Е | d H-H 
EN nter - 
stereogenic Rig EM center B» ке Mi do ML. 
center S Cl H+H, CI-C-C-0-CHs-- Ha На” СНз С С С СНз— Не 
| | 
Ha~ CHs-C-C-CHs-- Ha Не—Н Снн Br HM 
Нн H-H, 5 NMR signals Не Ag 
5 NMR signals 7 NMR signals 
14.8 


Decreased electron density deshields a nucleus and the absorption goes downfield. Absorption 
also shifts downfield with increasing alkyl substitution. 


а. FCH,CH,CH,Cl 
F is more electronegative than Cl. The СН, group 
adjacent to the F is more deshielded and the H's will 
absorb farther downfield. 

b. CH3CH2CH5CH50CHs5 
The СН» group adjacent to the О will absorb farther 
downfield because it is closer to the electronegative 


C. CH30C(CH3)5 
The CHs group bonded to the O atom 
will absorb farther downfield. 


O atom. 
14.9 
© 
а. ш b. о с. cH, ^сн,сн, 
На Hp e a Hp He Ha Hp He 
3 types of protons: 3 types of protons: 3 types of protons: 
Hp < He < На He < Ha < Hp He < Ha < Hp 
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14.10 


а. СН.-СЕС-Н CH4CH- CH; CH4CH;CH; 
t | ! 

На Hp Не 

Не protons are shielded because they аге 

bonded to an sp? C. 

Ha is shielded because it is bonded to an sp C. 

Нь protons are deshielded because they are 

bonded to an sp? C. 


Н. < Ha < Hp 
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i 
b. л Me 


Ha Нь He 
Н, protons аге shielded because they are bonded їо an sp? 
C. 
H, protons are deshielded slightly because the СН. group 
is bonded to a C=O. 
Hy protons are deshielded because the СН. group is 
bonded to an O atom. 

He < Ha < Hp 


14.11 An integration ratio of 2:3 means that there are two types of hydrogens in the compound, and 
that the ratio of one type to another type is 2:3. 


a. СНАСЊС b. CH3CHsCH3 
2 types of H's 2 types of H's 
3:2 - YES 6:2 or 3:1 - no 


C. СНзСНОСНСНз 
2 types of H's 
6:4 or 3:2 - YES 


d. CH30CHsCH20CH3 
2 types of H's 
6:4 or 3:2 - YES 


14.12 To determine how many protons give rise to each signal: 
* Divide the total number of integration units by the total number of protons to find the number of 


units per H. 


* Divide each integration value by this value and round to the nearest whole number. 


CsH4405 


total number of integration units = 14 + 12 + 44 = 70 units 


total number of protons = 14 H's 
70 units/14 H's = 5 units per H 


14.13 


downfield absorption 
closer to O 


CH40,CCH;CH;CO;CH; 


ratio of absorbing signals 2:3 
Signal [1] 2 4 H z 2.64 
Signal [2] = 6 H = 3.69 - — H's with 
downfield absorption 


Signal [А] = 14/5 = ЗН 
Signal [В] = 12/5 2 2 Н 
Signal [C] = 44/5 = 9 H 


downfield absorption 


closer to O 


CH,CO,CH,CH,0,CCH, 


ratio of absorbing signals 3:2 
Signal [1] = 6 H = 2.09 
Signal [2] = 4 H = 4.27-— — 4 H's with 


downfield absorption 


14.14 To determine the splitting pattern for a molecule: 
* Determine the number of different kinds of protons. 
e Nonequivalent protons on the same С or adjacent C's split each other. 


e Apply the n + 1 rule. 


| 
C 
a. rcd Ще 


На Hp 
На: 3 peaks - triplet 
Hp: 4 peaks - quartet 


Ha He 
b. CHs—C—Br 
Br 
Ha 
H,: 2 peaks - doublet 
Нь: 4 peaks - quartet 
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О 
i сњењ Н.н 
pon № Е 
C. СН; CH2CH2Br e. C=C 
/ \ 
| | 1 CH, H- Hp 
Ha Hb He 


На: 1 peak - singlet 
Hp: 3 peaks - triplet 
He: З peaks - triplet 


На: 2 peaks - doublet 
Нь: 2 peaks - doublet 


Ha Н, я 
с=с f. CICH;CH(OCHg) 
в НН, a 


На Hp 
На: 2 peaks - doublet 
Hy: 3 peaks - triplet 


На: 2 peaks - doublet 
Hy: 2 peaks - doublet 


14.15 Identical protons do not split each other. 


Hi o 
ача 
СІ Н «=н, 


На: 1 singlet 
All protons are equivalent. 


NN. 
ВР бе pel 
Br H=—-H, 


На: 2 peaks - doublet 
Hy: 2 peaks - doublet 


14.16 Use the directions from Answer 14.14. 


E. ; 
b. сну ~~OCH,CH,OCH, Ha and На are both singlets. д, огононгсо;он, 


На Hp He Ha 


14.17 CH,CH,CI 


2 units 


На: quartet 


2 NMR signals 


Ha O 
È 
€. СНУ `H-—Hp Ha: doublet 
Hp: quartet 
2 NMR signals 


Ha: triplet 
Hp: triplet Hy: doublet 
He: triplet Ha Hp Hc Hg singlet 
4 NMR signals 3 NMR signals 


There are two kinds of protons, and they can split 
each other. The CH, signal will be split by the 
CH, protons into 2 + 1 = 3 peaks. It will be upfield 
from the CH, protons since it is farther from the 
Cl. The CH, signal will be split by the CH, 
protons into 3 + 1 = 4 peaks. It will be downfield 
from the CH, protons since the CH, protons 


chemical shift (ppm) 


are closer to the Cl. The ratio of integration units 
will be 3:2. 
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14.18 
CI CHBr HH H-H 
H N = J a b 
а. (CH3)2CHCO2CH3 b.  CH3CH2CH2CH2CH3 с. Pa н д. tg (all H's) 
split by 6 equivalent H's Ha Hp He à Б Вг НН 
6 + 1 = 7 peaks На: split by 2 H's На: split by 1 H На: split by 2 different H's 
3 peaks 2 peaks (1+1)(1+1) = 4 peaks 
Не: split by 4 equivalent H's Нь: split by 2 sets of H's Hy: split by 2 different H's 
5 peaks (1 + 1)(2 + 1) = 6 peaks (1+1)(1+1) = 4 peaks 
Нь: split by 2 sets of H's Не: split by 2 different H's 
(3+1)(2 + 1) = 12 peaks (maximum) (1+1)(1+1) = 4 peaks 
Since this is a flexible alkyl chain, the signal 
due to H, will have peak overlap, and 
З + 2+ 1 = 6 peaks will likely be visible. 
14.19 
? СНЗООСНЬСНУ;СН;ОСН Йа. 
a. CHOCH CH b. с. 3 ротын 3 d Ml 
pap CHCH; С“осн(сна), Е Ma pre Ma 
На Hp He 4 4 A Ha Hp He Hp a H 
А На Hp He Ha “Н 
На: singlet at -3 ppm На: singlet at -3 ppm На: triplet at -1 ppm 


Нь: quartet at ~3.5 ppm 


На: triplet at -1 ppm 
Ha: triplet at ~1 ppm EE E 


Hy: quartet at -2 ppm 
Не: septet at -3.5 ppm 
На: doublet at ~1 ppm 


14.20 
Hp 


Hp n ^ 


Hy: triplet at -3.5 ppm Hy: multiplet (8 peaks) at ~2.5 ppm 
Не: quintet at ~1.5 ppm Не: triplet at -5 ppm 


Splitting diagram for H, 


а а! Г JJa =13.1 Hz 1 trans На proton splits Нь into 
Y^ ~ | 1+1 =2 peaks 


Ha HS 


trans-1,3-dichloropropene |. 
A 


14.21 
Cl Н == Hp 
CI СНз = Ha 
А 
На: 1.75 ppm, doublet, 3 H, J = 6.9 Hz 
Нь: 5.89 ppm, quartet, 1 Н, J= 6.9 Hz 


Не 
2 Н, protons У 


a doublet 


2+1 = 3 peaks 


- 2 H, protons split H, into 
4 Now it's a doublet of triplets. 


CICH, H—— doublet 
singlet сі H~—doublet 
B 
signal at 4.16 ppm, singlet, 2 H 
signal at 5.42 ppm, doublet, 1 Н, J 


= 1.9 Hz 
signal at 5.59 ppm, doublet, 1 Н, J = 1.9 Hz 
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14.22 Remember that OH (or NH) protons do not split other signals, and are not split by adjacent 


protons. 
singlet triplet triplet doublet singlet 
a. (CH3)3CCHsOH b. CH3CH;CH,OH c. (СНз),СНМН, 
singlet 
singlet singlet 12 peaks (maximum) 7 peaks 
3 NMR signals 6 peaks (more likely, 3 NMR signals 
resulting from peak overlap) 
4 NMR signals 
14.23 
н< Н, H,: doublet at ~1.4 due to the CH, group, split into two peaks 
На C-CHg— На Бу one adjacent nonequivalent Н (Н,). 
5 H's on OH-— Hp Н, singlet at ~2.7 due to the OH group. OH protons аге not 
benzene ring A split by nor do they split adjacent protons. 


H,: quartet at ~4.7 due to the CH group, split into four peaks 
by the adjacent СН, group. 
На: Five protons on the benzene ring. 


14.24 Use these steps to propose a structure consistent with the molecular formula, IR, and NMR data. 
* Calculate the degrees of unsaturation. 
• Use the IR data to determine what types of functional groups are present. 
e Determine the number of different types of protons. 
* Calculate the number of H's giving rise to each signal. 
* Analyze the splitting pattern and put the molecule together. 
e Use the chemical shift information to check the structure. 


e Molecular formula C;H44O» 
2n+2=2(7)+2=16 
16 – 14 = 2/2 = 1 degree of unsaturation 
1 x bond or 1 ring 

• IR peak at 1740 cm"! 


C=O absorption is around 1700 ст“! (causes the degree of unsaturation). 
No signal at 3200-3600 стг! means there is no О-Н bond. 


• NMR data: absorption |ppm |integration 


singlet 1.2 | 26 ------- = 26 units/3 units per H = 9 H's 
triplet 1.3 | 10 ------- = 10 units/3 units per H = 3 H's (probably a CH3 group) 
quartet 4.1 6 ------- = 6units/3 units per H = 2 H's (probably a СН» group) 


* 3 kinds of H's 

* number of H's per signal 
total integration units: 26 + 10 + 6 = 42 units 
42 units / 14 H's = 3 units per H 


* look at the splitting pattern СНз 


The singlet (9 Н) is likely from a tert-butyl group: —С СН 
CH3 
The СНз and СН» groups split each other: CH; — СН, — 
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* Join the pieces together. 


О 
il СНз 


О 
п СН 


| | 
CH3CH20^ “C-CH; or CH4CHz^7 70-C-CHs 


СНз 


Pick this structure due to the chemical shift data. 
The СН» group is shifted downfield (4 ppm), so it 
is close to the electron-withdrawing O. 


CH3 


14.25 
e Molecular formula: СЛЊО • Calculate degrees of unsaturation 
2n+2=2(3)+2=8 
8 — 8 = 0 degrees of unsaturation 
e IR peak at 3200-3600 cm! > Peak at 3200-3600 cm’ is due to an О-Н bond. 
Moor : чесе д H lit by 6 H' 
septet from spli $ 
* doublet at ~1.2 (6 H) natam B dd 
* singlet at ~2.2 (1 H) doublet from 6 H's split by 1 H 
• septet at ~4 (1 Н) from the O-H proton 
» Putinformation together: 
з 
HO-C-CH; 
H 
14.26 
a. 
Absorption [A]: singlet at ~3.8 ppm CH,O- 
Absorption [B]: multiplet at ~3.6 ppm CH;N 
Absorption [C]: triplet at ~2.9 ppm CH, adjacent to five-membered ring 
Absorption [D] singlet at ~1.9 ppm CH,C-O 
b. 
H 
I 
i н CH 
X 3 
Í м = 
О 
CH30 Hh DT 
split by 2 adjacent #7 


nonequivalent H's 
into a triplet 
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14.27 Identify each compound from the 'H NMR data. 


singlet 
at 2.5 
7 Singlet 
a. HCI O H H-—Etriplet b. Бага pap s. 1.3 
СН»=СНСОСНЗ CH; at 3.6 (СНз) С=0 singlet 
BH Ha | at 3.8 
| А В 
singlet | singlet 
A triplet at 2.2 
at 3.05 
14.28 Each different kind of carbon atom will give a different "C NMR signal. 
О СНэСН» H 
а. СНАСЊСЊСНа b. С с. CH3CH5CH; - O- CH;CH5CHs d. \ и 
bord CH,CH,~ ^ OCH; а | а е, 
Са С С Са Each C is different. Са Cy С, С, Cp Са n H 
2 kinds of C's 4 kinds of C's same groups on both sides of O Each C is different. 
2 13¢ NMR signals 4 13¢ NMR signals 3 kinds of C's 4 kinds of C's 
3 13С NMR signals 4 13С NMR signals 
14.29 
Hp Ha На Hp Ha Hp 
|| Ha Hat || Ha |н 
He a Ein a Hn Ha T. qe 
ui =н om qa Tr TM a ae ан 
wen a a ан Cl H H Cl H CI H 
° | He | 
Hp Hp all H's identical 


4 !H NMR signals 


11H NMR signal 


H H H H H Cl H CI H 
"uem TES а теа 
нас Za на C нна Ин eG 
Са а С а 
Each С is different. Cp Each C is different. Cb 
3 kinds of C's 2 kinds of C's 3 kinds of C's 2 kinds of C's 


3 13С ММВ signals 


2 13C NMR signals 


3 13С ММВ signals 


2 13C NMR signals 


c. Although the number of "C signals cannot be used to distinguish these isomers, each isomer 
exhibits a different number of signals in its 'H NMR spectrum. As a result, the isomers are 


distinguishable by 'H NMR spectroscopy. 


14.30 Electronegative elements shift absorptions downfield. The carbons of alkenes and benzene rings, 
and carbonyl carbons are also shifted downfield. 


a. На а 


The СН» group is closer 


b. а 


О 
j 


ба: С. 


d. CH4CH-CH; 


| | 


The C о the CHBr, group has two 
bonds to electronegative Br atoms 
and will be farther downfield. 


The carbonyl carbon is 
highly deshielded and 
will be farther downfield. 


The СН» group is part of 
a double bond and will 
be farther downfield. 


to the electronegative O 
and will be farther downfield. 
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14.31 
a. In order of lowest to highest chemical shift: b. In order of lowest to highest chemical shift: 
Са Съ Се Са (сньсна)С=0 
SHSEHGPOGERS СаСь Ce 
OH 
Ca < Ca < Ce < Cp Са < Cp < Се 
14.32 
e molecular formula С.НзО> 
2n+2=2(4)+2=10 о 
10 — 8 = 2/2 = 1 degree of unsaturation C ) 
• no IR peaks at 3200-3600 ог 1700 стт! О 
no O-H or C=O 
. 1 : МЕ 
Н ММА spectrum at 3.69 ppm This structure satisifies all the data. 
only one kind of proton One ring is one degree of 
„13 unsaturation. All carbons and 
C NMR spectrum at 67 ppm protons are identical. 
only one kind of carbon 
14.33 
О 
pe и OH 
* molecular formula C4HgO * molecular formula C4HgO 
2n+2=2(4)+2=10 2n+2=2(4)+2=10 
10 - 8 = 2/2 = 1 degree of unsaturation 10 - 8 = 2/2 = 1 degree of unsaturation 
• 13C NMR signal at > 160 ppm due to • all 5C NMR signals at < 160 ppm 


С=О МО С=О 
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14.34 Use the directions from Answer 14.3. 


На” CH3 CHCH; = На 
а. (снз)зсн ©; СҮ h: Yo h 
2 kinds of H's О 5 


S 
5 kinds of H's Н” СНз В 
b. снесен 4 kinds of H's 
3/3 3)3 CHCH; H = РЕ 
ТАЛИН С=с 3 kinds of H's „КШ RE 
/ m N CHs3-C-C-CHg*7 Н; 
C. CH4CH,OCH;CH;CH;CH,CHs H CH2CH3 НО Н-Н, 
7 kinds of H's | 
Е с 
d. HCH н-ң, - о 6 kinds of H's 
= 3 kinds of H's 
e С, Н.—н СНз — He 
HH НН |. 
4 kinds of H's Њ—н © H-—Hg 
4 kinds of H's 
14.35 
н. [H CHs | н, Н н — НН 
b H CH3 H e ОНЕ CH3<— Ha 
a H А 
H с. 4 kinds of protons 
QN 44 mE 
с Hp bH Hy H b 
3 kinds of protons 
He Ha y Нан н-_Н 
b д | b H = СНз Н == Hp 
Hj 7H СН»СНз—— На 2d 4 kinds of protons 
ME НН Ws  HgCHs— Ha 
H,—-H H=—H 
f Hg Hi с 
7 kinds of protons 
14.36 
equivalent 
E О 
= CH3. N 
EN i: — кеа thymol mM led 
du 7 NMR signals is NMR signals 
gx 


caffeine vanillin 
4 ММВ signals 6 NMR signals 
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14.37 
à (in ppm) = [observed chemical shift (Hz)] / v of the NMR (MHz)] а. 2.5 = x Hz/300 MHz 
x = 750 Hz 
b. ppm = 1200 Hz/300 MHz 
= 4 ppm 
С. 2.0 = x Hz/300 MHz 
x = 600 Hz 
14.38 
2.16 = x Hz/500 MHz 
x — 1080 Hz (chemical shift of acetone in Hz) 
1080 Hz + 1570 Hz = 2650 Hz 
2650 Hz/500 MHz = 5.3 ppm, chemical shift of the СН›СЬ signal 
14.39 Use the directions from Answer 14.8. 
a. CH4CH5CH5CH2CH3 or CH4CH2CH50CH3 C. oem 
or 
Adjacent O deshields the H's. Increasing alkyl substitution 
farther downfield farther downfield 


b. d OF CH4CH;CH;F d. а ог СЊСНСЊВг 


More electronegative F Two electronegative 
deshields the H's. Br's deshield the H. 
farther downfield farther downfield 


14.40 Use the directions from Answer 14.12. 


[total number of integration units] / [total number of protons] Signal of 13 units is from 1 H. 
[13 + 33 + 73] / 10 = ~12 units per proton Signal of 33 units is from 3 H's. 
Signal of 73 units is from 6 H's. 
14.41 
Hp H 
р p р СНз На 
а. СНзСО>С(СНЗ}з апа CH3CO2CH3 
| | | | C. CH3 СНз and CH, —нь 
На Hp Ha H z | | 
H a: ира H a a = 
Hec Hp es | На: Hp = 1:1 a Hp Hp 5 СНз ~—H, 
different ratio of peak areas 
Нь in CH3CO2CHs is farther downfield На: Нь = 3:2 На: Hp = 3:1 


than all H's їп ваен different ratio of peak areas 
b. CH4OCH;CH2OCH; and СНАОСЊОСНа 

MEM ME E NE 

Ha Hp Hp Ha Ha Hp Ha 


На: Hp = 3:2 Ha: Hp = 3:1 
different ratio of peak areas 


14.42 The following compounds give one singlet in a Н NMR spectrum: 


О 
CHCH — ©нз-С=С-ОНз @ c^ KC 70 ес C 
Br Br cH. — Yu, (СНзС” (Сна) 
3 8 
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14.43 
CH3CHsCHsCHsCHsCH3 
| а E 
На Hp Hc Hc Hp Ha 
3 signals: 


На: split by 2 Нь protons - triplet 

He: split by 2 Hp protons - triplet 

Hp: split by 3 H4 + 2 Н, protons - 12 peaks (maximum) 
Since Hù is located in a flexible alkyl chain, peak overlap 
occurs, so that only 3 + 2 + 1 = 6 peaks will likely be 
observed. 


He Since Hp, He, and Hg are located in a flexible alkyl chain, 
it is likely that peak overlap occurs, so that the following is 
CH3CH2CHCH2CHs observed: 
Ha HCH H H Hp (6 + 2 + 1 = 9 peaks), H, (1 + 2 + 1 = 4 peaks), and 
| b'a На (2 + 3 + 1 = 6 peaks). 
Ha Ha Ha TET 
4 signals: a a ie ° 
Ha: split by 2 Hp protons - triplet тет CH3CH2-C—-CH3-— Н, 
Нь: split by 3 Ha + 1 Н, protons - 8 peaks (maximum) СНЗСН- СНСНз | | CH— H, 
Не: split by 4 Нь + З На protons - 20 peaks (maximum) H. H | | Ha Hp 
На: split by 1 Н, proton - doublet a b ba 3 signals: 
Since Hp and H, are located in a flexible alkyl chain, it 2 signals: Не split by 2 Hp protons - triplet 


is likely that peak overlap occurs, so that the following 
is observed: Hp (3 + 1 + 1 = 5 peaks) and Н, (4 + 3 + 
1 = 8 peaks). 

14.44 


а: о A 


О 


CH; protons split by 1 Н = doublet 


CH proton split by 3 H's = quartet На Hp 


О На protons split by 1 H = doublet 
Нь proton split by 6 H's = septet 
Не protons split by З H's = quartet 
На protons split by 2 H's = triplet 


| 
Cy 
b. CH4OCH,CHz; ^ “OCH; 


both СН» groups split 
each other = triplets f. 


На: split by 1 Нь proton - doublet 
Hy: split by 6 H4 protons - septet 


Ө: ш oret, 


конен 
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СНз = На 
CH3CHCH,CH2CH3 

1111 

Ha Hp He На He 
5 signals: 
На: split by 1 Hp proton - doublet 
Hp: split by 6 H4 + 2 Н, protons - 21 peaks (maximum) 
Не: split by 1 Hj + 2 На protons - 6 peaks (maximum) 
На: split by 2 Н, + З He protons - 12 peaks (maximum) 
He: split by 2 Hg protons - triplet 


Не: no splitting - singlet 


О 
П 


С. 
ћ. сн.сн,сн, ^он 


| 


Hc Hg Ha Нь He 


H, protons split by 2 H's = triplet 
H, protons split by 2 H's = triplet 


peaks (maximum) 


Since H, is located in a flexible alkyl chain, 
it is likely that peak overlap occurs, so that 
only 3 +2 + 1 = 6 peaks will be observed. 


На H 
c. {оо о О 
| | На protons split by 2 СН, groups = c 
| | | quintet i, CH&CHz ^H 
e protons split by 2 H's = triplet H, protons split by 2 H's = triplet | | 
2 protons split by 3 Н'$ = quartet На Њ 


d. CHOCH CHCl 


СН» protons split by 1 Н = doublet 
CH proton split by 2 H's = triplet 


g. сњон;он:оњон 


Ha Hp He Ha 
На protons split by 2 H's = triplet 


На: split by CH3 group + Hp 
= 8 peaks (maximum) 
Hp: split by 2 H's = triplet 


Hp protons split by СНз + СН» protons = 12 
peaks (maximum) 

He protons split by 2 different СН» groups = 9 
peaks (maximum) 

Hg protons split by 2 H's = triplet 

Since H, and H, are located in a flexible alkyl 
chain, it is likely that peak overlap occurs, so 
that the following is observed: Нь (3 + 2 + 1 = 
6 peaks), Н. (2 + 2 + 1 = 5 peaks). 


Нь: split by 3 H4 protons - quartet 


Нь protons split by СНз + СН» protons = 12 
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CH, Н—НЊ CH; у На CH; — H—H, 
j ов k. e | eg 
и \ / КЕ JUN 
CH,CH; — H-—H, Br нн Н.н н=НЬ 
На: split by 1 H = doublet Ha: split by 1 Hs doublet 4: split by LM. 
Hp: split by 1 H = doublet Hp: split by 1 Н = doublet doublet of doublets (4 peaks) 


Hp: split by H4 + Н, - 
doublet of doublets (4 peaks) 
Не: split by СНз, На + Нь- 16 peaks 


14.45 
—H Br в H-—H 
На А / a 
C=C C=C 
/ \ / \ 
Нұ H СОСНз Hg ~H СО;СНа 


На: split by 1 H = doublet На: split by 1 H = doublet 
Нь: split by 1 Н = doublet Hp: split by 1 H = doublet 
На and Нь are geminal. H4 and Нь are trans. 
Both compounds exhibit two doublets for the H's on the С=С, but the 
coupling constants (Jgeminal апа Ytrans) are different. geminal is much smaller 
than Jrans (0-3 Hz versus 11—18 Hz). 


14.46 
Нь На H,: doublet of doublets at 5.7 ppm. Two large J values are seen for the H's cis 
C=C (Ja = 11.8 Hz) and trans (Л. = 18 Hz) to H,. 
H,: doublet of doublets at ~6.2 ppm. One large J value is seen for the cis H 
Ја = 11.8 Hz (J,,=11.8 Hz). The geminal coupling (Л = 0.9 Hz) is hard to see. 
po = 0.9 Hz Н,: doublet of doublets at ~6.6 ppm. One large J value is seen for the trans Н 
Че= 18 Hz (J = 18 Hz). The geminal coupling (Л = 0.9 Hz) is hard to see. 


Splitting diagram for H, Ha 
1 trans He proton splits Ha into X 
1 + 1 =2 peaks ^^ "X Jac = the coupling constant between H4 and Н, 
a doublet |= 


1 cis Hy proton splits Ha into 
14122 peaks 
Now it's a doublet of doublets. 


oe '-- Jap = the coupling constant between Ha and Hp 


14.47 
Four constitutional isomers of СаНоВг: 
Br 
A ™ Br pw = `` 


Br 
4 different C's 4 different C's 2 different C's 3 different C's 
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14.48 Only two compounds in Problem 14.42 give one signal in their "C NMR spectrum: 


CH4CHs (5 


14.49 
se ү : 
R~~~OR' Ио: 
The О atom of an ester donates electron density so the carbonyl carbon has 
less ôt, making it less deshielded than the carbonyl carbon of an aldyhyde or 
ketone. Therefore, the carbonyl carbon of an aldehyde or ketone is more 
deshielded and absorbs farther downfield. 
14.50 
а. HC(CHs)s bs dio g. {о 
2 signals О : 
т ѕідпаіѕ 5 signals 
b. P e. CHCH; јавна h. ( ую 
: C=C 
5 | 
Sane H H 4 signals 
3 signals 
с. CH3OCH(CH3)2 Ем i. (> 
3 signals 7 signals 3 signals 
14.51 
О О 
é | с 
a. СНАСНЕ | `он р. CH4CH;CHCH;CHs с. Cy ^ CH;CHs d. ae um 
| c | 
Са Cy С, C, C, C, “сс, Са C, C, 
Са < Сь < Сс Са < Cp < Сс Сс < Cp < С, Cp < Ce < Ca 
14.52 
19ppm 62 ppm 16 ppm 205 ppm 143 ppm 23 ppm 
a. CH3;CH,CH,CH,OH р. (CH3)s>CHCHO с. CH;-CHCH(OH)CHs 


14 ррт 35 ppm 41 ррт 113 ppm 69 ppm 
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14.53 
Ca © С Са о 
3 O , H H H H COCH и <, 
а. 372^ / b. \ / \ Ри 
Ce 626 Cc Cr psp Ca ~ а а | О | | 
H pue pes Ta H со;сна | Cp Co 
C 
С Ca Or © Gp a Cy C | 
3 different C's 3 signals 4 signals 5 signals 
3 signals 
14.54 Use the directions from Answer 14.24. 


a. C4HgBrz: 0 degrees of unsaturation 
IR peak at 3000-2850 cm": Csp?-H bonds 
NMR: singlet at 1.87 ppm (6 Н) (2 СН» groups) 
singlet at 3.86 ppm (2 Н) (СН, group) 


Он» 
Снз—С—СН;Вг 
Вг 


b. C3HgBr;: 0 degrees of unsaturation 
IR peak at 3000-2850 cm": Сзрз-Н bonds 
ММВ: quintet at 2.4 ppm (split by 2 CH» groups) 
triplet at 3.5 ppm (split by 2 H's) 


Bro ^ Br 


с. C5H4,90;: 1 degree of unsaturation 
IR peak at 1740 стг': С=О 
NMR: triplet at 1.15 ppm (3 Н) (СН. split by 2 H's) 
triplet at 1.25 ppm (З Н) (СНз split by 2 H's) 
quartet at 2.30 ppm (2 Н) (СН split by З H's) 
quartet at 4.72 ppm (2 H) (СН; split by 3 H's) 


| 
Cy 
CH,CH~ O — CH5CH;4 


а. C6H440: 0 degrees of unsaturation 

IR peak at 3600-3200 ст": О-Н 

NMR: triplet at 0.8 ppm (6 H) (2 CH3 groups 
split by СН» groups) 
singlet at 1.0 ppm (3 H) (CH3) 
quartet at 1.5 ppm (4 Н) (2 СН» groups split 
by CH3 groups) 
singlet at 1.6 ppm (1 H) (O-H proton) 


Он» 
СНзСНг-С- CH;CHs 
OH 
е. CgH,,40: 0 degrees of unsaturation 
IR peak at 3000-2850 стт: Сар —Н bonds 
ММВ: doublet at 1.10 ppm (integration = 30 units) 
(from 12 H's) 
septet at 3.60 ppm (integration = 5 units) 
(from 2 H's) 
н н 
CH;-6-0-6-CH; 
СНз CH3 
f. СзНсО: 1 degree of unsaturation 
IR peak at 1730 ст^!: C=O о 
ММВ: triplet at 1.11 ppm 1 


multiplet at 2.46 ppm CH34CH47 
triplet at 9.79 ppm 


~ 


Н 
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14.55 
Two isomers of СоН1оО: 5 degrees of unsaturation (benzene ring likely) 
Compound A: Compound B: 
IR absorption at 1742 сп": C=O IR absorption at 1688 ст“: C=O 
NMR data: NMR data: 
Absorptions: Absorptions: 
singlet at 2.15 (З Н) (СН; group) triplet at 1.22 (3 H) (СНз group split by 2 H's) 
singlet at 3.70 (2 Н) (СН, group) quartet at 2.98 (2 Н) (СН, group split by 3 H's) 
broad singlet at 7.20 (5 H) multiplet at 7.28—7.95 (5 H) 
(likely a monosubstituted benzene ring) (likely a monosubstituted benzene ring) 
О О 


С. С. 
{У сн СУ CHCH; 


14.56 
Compound C: 
molecular ion 146 (molecular formula CeH1004) Hc 
IR absorption at 1762 ст“!: C=O О | О 
'H ММВ data: e H c 
Absorptions: сна“ 70-0-07 ~CHs 
На: doublet at 1.47 (3 H) (CH3 group adjacent to CH) | СНз | 
Hp: singlet at 2.07 (6 Н) (2 СН» groups) Hp | Hp 
Не: quartet at 6.84 (1 Н adjacent їо CH3) Ha 
14.57 
Hp 
of He Compound D: 
О [1] LiC CH a | molecular ion 84 (molecular formula C5HgO) 
p [2] ЊО à p G ec IR absorptions at 3600-3200 стг!: OH 
н. С 3303 ст^!: Csp-H 
? | 2938 ст“!: Сврз—Н 
a 2120 ст“!; C=C 
D 1H NMR data: 
Absorptions: 


На: singlet at 1.53 (6 Н) (2 СН» groups) 


Hp: singlet at 2.37 (1 H) => alkynyl CH and OH 
Не: singlet at 2.43 (1 Н) 
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14.58 
Compound E: Compound F: 
C4Hg30;: СНО: 
1 degree of unsaturation 1 degree of unsaturation 
IR absorption at 1743 cm-!: C=O IR absorption at 1730 ст“!: C=O 
NMR data: NMR data: 
total integration units/# H's total integration units/# H's 
(23 + 29 + 30)/8 = ~10 units per H (18 + 30 + 31)/8 = ~10 units per H 
На: quartet at 4.1 (23 units - 2 H) На: singlet at 4.1 (18 units - 2 H) 
Hp: singlet at 2.0 (29 units - 3 H) Hp: singlet at 3.4 (30 units - 3 H) 
Не: triplet at 1.4 (30 units - З Н) Не: singlet at 2.1 (31 units - З Н) 
0 f 
pom pom 
CH4 ^ "OCH;CHs CH4^ -СЊОСНа 
| tot | M 
Hp Ha He He Ha Hy 
14.59 
Compound H: Compound I: 
СНМ: CgH44N: 
4 degrees of unsaturation 4 degrees of unsaturation 
IR absorptions at 3365 ст: М-Н IR absorptions at 3367 ст-': М-Н 
3284 cm^!: М-Н 3286 ст“!: М-Н 
3026 ст“!: Csp?-H 3027 cm": Csp?—H 
2932 ст“!: Cs?-H 2962 cm: Csp?—H 
1603 cm": due to benzene 1604 cm": due to benzene 
1497 ст-': due to benzene 1492 cm": due to benzene 
NMR data: NMR data: 
multiplet at 7.2—7.4 ppm, 5 H on a benzene ring multiplet at 7.2—7.4 ppm, 5 H on a benzene ring 
H4: triplet at 2.9 ppm, 2 H, split by 2 H's H4: quartet at 4.1 ppm, 1 H, split by 3H's 
Hy: triplet at 2.8 ppm, 2 H, split by 2 H's Hp: singlet at 1.45 ppm, 2 Н, no splitting (NH) 
Не: singlet at 1.1 ppm, 2 Н, no splitting (on МН.) Не: doublet at 1.4 ppm, 3 H, split by 1 H 
ћ с —н. 
Ма {ем Нь 
H-— 
НН n 
14.60 


СН, оО: 

5 degrees of unsaturation 
IR absorption at 1718 ст": C=O 
NMR data: 


multiplet at 7.4–8.1 ppm, 5 H on a benzene ring 
quartet at 4.4 ppm, 2 H, split by 3 H's 
triplet at 1.3 ppm, 3 H, split by 2 H's 


О 
n 


Cy oe 


downfield due to the O atom 


b. CoH 2: 
4 degrees of unsaturation 
IR absorption at 2850-3150 cm: 
C-H bonds 
NMR data: 
singlet at 7.1—7.4 ppm, 5 H, benzene 
septet at 2.8 ppm, 1 H, split by 6 H's 
doublet at 1.3 ppm, 6 H, split by 1 H 
сњ 
Сы 
Н 
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14.61 


a. Compound J has a molecular ion at 72: molecular formula C4HgO 
1 degree of unsaturation 


IR spectrum at 1710 ст-': C=O 

1H NMR data (ppm): e. 
1.0 (triplet, 3 H), split by 2 H's CH; ~CH,CH3 
2.1 (singlet, 3 H) 


2.4 (quartet, 2 H), split by 3 H's 


О 
|| 


b. Compound К has a molecular ion at 88: molecular formula С5Н; О 
0 degrees of unsaturation 
IR spectrum at 3600-3200 ст`": О-Н bond 
1H NMR data (ppm): 


OH 
| 
0.9 (triplet, 3 H), split by 2 H's CH3g—G—CHg 
1.2 (singlet, 6 H), due to 2 CH3 groups CH2CH3 
1.5 (quartet, 2 H), split by 3 H's 


1.6 (singlet, 1 H), due to the OH proton 


14.62 
Compound L has a molecular ion at 90: molecular formula C4H1002 
0 degrees of unsaturation 


IR absorptions at 2992 and 2941 ст’: Сзр-Н 
'H NMR data (ppm): 


На: 1.2 (doublet, 3 H), split by 1 H 


total integration units/# H's 
(25 + 46 + 7)/10 = ~8 units per H 


О H* B Hc 
Нь: 3.3 (singlet, 6 Н), due to 2 СН» groups Ри + СНз-ОН = Снз-С-ОСНз =— Нь 
He: 4.8 (quartet, 1 Н), split by З adjacent H's | ОСН: <— H 
На L b 
14.63 
. multiplet at -2.0 singlet at -1.7 Multiplet at ~1.5 
2 singlets triplet at ~0.95 ~ triplet at -0.95 
at ~1.6 DEN В i р 
у тн. AA К | 
:OH M у ; | N 
AV LH-OTs triplet at -5.1 two signals 
at -4.6 triplet at -2.0 
Y 
N 
С 
Нг .-ors 


NA 1,2-H shift PM 
X Pee + TsOH 


А H H i 
+ HO NS ors 
or 
AA о "И + TsOH 
H 


370 


Chapter 14—20 


14.64 
Compound О has а molecular formula СчоН120. 
5 degrees of unsaturation 
IR absorption at 1687 ст“! 
'H NMR data (ppm): 


На: 1.0 (triplet, 3 H), due to СН. group, split by 2 adjacent H's 
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Нь: 1.7 (sextet, 2 Н), split by СНз and СН» groups о 


Но: 2.9 (triplet, 2 Н), split by 2 H's 
7.4—8.0 (multiplet, 5 H), benzene ring 


14.65 
Compound P has a molecular formula СьНеСО.. 

1 degree of unsaturation 

13С NMR shows 5 different C's, including a C=O. 

1H NMR data (ppm): 
На: 1.3 (triplet, ЗН), split by 2 H's 
Hp: 2.8 (triplet, 2 H), split by 2 H's 
H,: 3.7 (triplet, 2 H), split by 2 H's 
На: 4.2 (quartet, 2 H), split by CH4 group 


14.66 
Compound О: Molecular ion at 86. 
Molecular formula: C5H490: 
1 degree of unsaturation 
IR absorption at -1700 сит": C=O 
NMR data: 
На: doublet at 1.1 ppm, 2 СН» groups split by 1 H 
Нь: singlet at 2.1 ppm, CH3 group 
Не: septet at 2.6 ppm, 1 Н split by 6 H's 


14.67 
a. Compound В, the odor of banana: C;H44O» 

1 degree of unsaturation 
1H NMR (ppm): 


C. 
CH4^ ^CH;CHs4 


Ha: 0.93 (doublet, 6 Н) О Н, 
Нь: 1.52 (multiplet, 2 Н) С. 

Не: 1.69 (multiplet, 1 H) | СНз” "OCH;CH;CHCH; 
На: 2.04 (singlet, 3 H) | | бн» | 
Не: 4.10 (triplet, 2 H) На He Hy | На 


CICH CH; “^ОСН,СНз 
Не Њ 


| 


На На 
Р 


[1] strong base Н. Ha 


ee soles. = а 


ММ/ = 86 


Hp О 


[2] СНзІ 


b. Compound S, the odor of rum: C;H44O» 
1 degree of unsaturation 
1H NMR (ppm): 


Ha: 0.94 (doublet, 6 Н) о He 

Hp: 1.15 (triplet, З Н) pom 

Не: 1.91 (multiplet, 1 H) | CHsCHz — OCH;CHCH; 

На: 2.33 (quartet, 2 H) | СНз | 

He: 3.86 (doublet, 2 Н) Њ На Не | Ha 
Ha 


14.68 


МЕ 
и K* OC(CH3)a T 


Br 


H* 
и U 


OH 
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СН}: 
1 degree of unsaturation 


'H NMR of T (ppm): H, Не 
Ha: 1.01 (singlet, 9 Н) 
Нь: 4.82 (doublet of doublets, 1 Н, J= 10, 1.7 Hz) 
H,: 4.93 (doublet of doublets, 1 Н, J= 18, 1.7 Hz) 
На: 5.83 (doublet of doublets, 1 H, J= 18, 10 Hz) 


(CHa)aC, Н 
C=C 
/ \ 

Hg —H H-— Hp 


1H NMR of U: 1.60 (singlet) ppm. CH3 СН; All H's are identical, 
C=C so there is only one 

Ра N В E 
CH3 CH; singlet in the NMR. 


14.69 Both A and B have the same molecular ion—since they are isomers—and show a C=O peak in 
their IR spectra. 'H NMR spectroscopy is the best way to distinguish the two compounds. 


Q O Both A and B have two singlets in a 3:1 ratio in their 'H NMR 
сно“^о(сн,), or сну "SOC (CH) spectra. But A has a peak at ~3 ppm due to the deshielded 
A B CH, group bonded to the O atom. B has no proton that is so 
deshielded. Both of its singlets are in the 1—2.5 ppm region. 
14.70 
a. 
СвН+2О2: 
1 degree of unsaturation Б 
IR реак at 1740 стг': C=O i 
1H NMR 2 signals: 2 types of H's CH; ~“ ~ 
13C ММВ: 4 signals: 4 kinds of C's, CH CH; 
including one at ~170 ppm due a C=O 
b. 
Co Hio: 
2 degrees of unsaturation 
IR peak at 3000 ст“: Csp?-H bonds CH3 
peak at 3300 cm™!: Csp-H bond HC2C-C-CH, 
peak at ~2150 ст“!: C=C bond CH 
13С ММВ: 4 signals: 4 kinds of C's з 
14.71 


el | 
H~~~N(CHs)> 
N,N-dimethylformamide 


— 


:0: 
| 
ge ог аа cis to the О atom 


| 
СНз cis to the Н atom 


A second resonance structure for N,N-dimethylformamide places the two СН» groups in different 
environments. One СН» group is cis to the О atom, and one is cis to the Н atom. This gives rise 
to two different absorptions for the СН» groups. 
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14.72 

18-Annulene has 18 л electrons that create an induced magnetic field 
similar to the 6 x electrons of benzene. 18-Annulene has 12 protons 
that are oriented on the outside of the ring (labeled Но), and 6 protons 
that are oriented inside the ring (labeled Hj). The induced magnetic 
field reinforces the external field in the vicinity of the protons on the 
outside of the ring. These protons are deshielded and so they absorb 
downfield (8.9 ppm). In contrast, the induced magnetic field is 
opposite in direction to the applied magnetic field in the vicinity of the 
protons on the inside of the ring. This shields the protons and the 
absorption is therefore very far upfield, even higher than TMS 


(—1.8 ppm). 
14.73 
Са 
stereogenic center 
H H 
CH4-6— C^ CH, Replace a СН» group dd mds M eh: 
и он with X. X=C=CHs Сн” СХ 
C, | à я | 
3-methyl-2-butanol Replace C,. Replace С,. 
The СНз groups are not equivalent to each other, 
since replacement of each by X forms two diastereomers. 
Thus, every C in this compound is different 
and there are five '?C signals. 
14.74 
О 
CH,—P—OCH, One P atom splits each nearby СН» into a 
| | doublet by the n+ 1 rule, making two doublets. 
OCH3 
Hp Ha 


All 6 H, protons are equivalent. 
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e А radical is a reactive intermediate with an unpaired electron (15.1). 
* Acarbon radical is sp? hybridized and trigonal planar (15.1). 


* The stability of a radical increases as the number of C's bonded to the radical carbon increases 


(15.1). 


* Allylic radicals are stabilized by resonance, making them more stable than 3? radicals (15.10). 


least stable most stable 
CH, ВСН» RCH RC 
1° 29 3? 


———————— ái 


Increasing alkyl substitution 
Increasing radical stability 


ми NE. : 
CH2=CH-ĊH; -————- СН»›-СНЕСН» 


two resonance structures for the allyl radical 


* Radical reactions 


[1] Halogenation of alkanes (15.4) 


NT X2 em * Thereaction follows a radical chain mechanism. 
hv or A * The weaker the С-Н bond, the more readily the H 
alkyl halide 3 
Х = СГ ог В is replaced by X. 


e Chlorination is faster and less selective than 


bromination (15.6). 


• Radical substitution results in racemization at a 
stereogenic center (15.8). 


[2] Allylic halogenation (15.10) 


NBS 
CH,=CH-CH; - | CH,=CHCH,Br 
һу or ROOR allylic halide 


The reaction follows a radical chain mechanism. 


[3] Radical addition of HBr to an alkene (15.13) 


H H e A radical addition mechanism is followed. 


| | 
R-C-C-H e Br bonds to the less substituted carbon atom to 
H Br form the more substituted, more stable radical. 


alkyl bromide 


ROOR 
CH=CH —— — — 


polymer 


e А radical addition mechanism is followed. 
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Chapter 15: Answers to Problems 


15.1 1° Radicals are on C's bonded to one other C; 2°radicals are on C's bonded to two other C's; 
3? radicals are on C's bonded to three other C's. 


а. CH,CH,-CHCH,CH, b. pu c. Ө! а. Cy 


2° radical 3° radical 2° radical 1° radical 


15.2 The stability of a radical increases as the number of alkyl groups bonded to the radical carbon 
increases. Draw the most stable radical. 


a. (СНз)ССНСНз b. (СНз) ССНСН; c. (CH3)3CCH> а. (УК 


15.3 Reaction of a radical with: 

e an alkane abstracts a hydrogen atom and creates a new carbon radical. 
an alkene generates a new bond to one carbon and a new carbon radical. 
another radical forms a bond. 


:Cl- 3 a 2 :Cl- TP 
a. CH3—CH3 > Снз—СН; + H-CI: с. :Cl = : CI-CI: 
:Cl: 
:Cl- Б | са TE Sey с 2 
b. CH=CH; > СН;—СН d. зс + 0-0. :CI-0-O* 


15.4 Monochlorination is a radical substitution reaction in which а Cl replaces а Н generating an 


alkyl halide. 
AO Cl» Cz 
a. 
A 
Cl; " H 
b. CH3CH2CH2CH2CH2CH3 CICH2,CHsCHsCHsCH2CH3 + СНз C - CHaCHaCH2CHs T САН; 7 C СНгСН2СНз 
CI CI 
ci y | 
с. (CH34CH CHs-C—CH, +  CH4-C-CH;CI 
СНз СНз 
15.5 


СІ 
A са 
А С! 
C | 


C 
lo 
B ^ A. с. ща 
dc dm 
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15.6 
itiation: :Bry—Br: Br. + -Br 
Initiation: Y ee or 
Propagation: cH LA “ Br: CH + H-Br 
и гу: 
CH, + ‘Br \2" > CHs-Br + -Br: 
Termination: : Б е Br: :Br- Br: 
go X or 
CH; + СН; СНз СНз 
or 
СНз + .Br CH3—Br 
15.7 
Step 1: CH3-H + Br ——— сна + H-Br AH? = +67 kJ/mol 
1 bond broken 1 bond formed 
+435 kJ/mol —368 kJ/mol 
Step 2: бн» + ‘Bryer — aa + „Ви АЕР? = —101 kJ/mol 
1 Бопа ргокеп 1 bond formed 
+192 kJ/mol —293 kJ/mol 


15.8 The rate-determining step for halogenation reactions is formation of CH3- + HX. 


CH&QH +E — -CH + ни: AHP = +138 kJ/mol 
1 bond broken 1 bond formed This reaction is more endothermic 
+435 kJimol зо! and has a higher E, than a similar 


reaction with Cl, or Bro. 
15.9 The weakest С-Н bond in each alkane is the most readily cleaved during radical halogenation. 


a. CK b. H C. CHaCHCH2CH3 


3° 3° 2° 
most reactive most reactive most reactive 
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15.10 To draw the product of bromination: 


15.11 


Draw out the starting material and find the most reactive C-H bond (on the most 
substituted C). 


The major product is formed by cleavage of the weakest C-H bond. 


Br. Br. 
secte dtr 
^ Br Br 


This is the desired product, 
1-chloro-1-methylcyclohexane, 
but many other products are formed. 


15.12 If 1° С-Н and 3° С-Н bonds were equally reactive there would be nine times as much 


15.13 


15.14 


(CH,),CHCH,Cl as (СН,) СС! since the ratio of 1? to 3° H’s is 9:1. The fact that the ratio is only 
63:37 shows that the 1° С-Н bond is less reactive than the 3° С-Н bond. (СН,),СНСН,СІ is still 
the major product, though, because there are nine 1° С-Н bonds and only one 3° С-Н bond. 


СНз вг СНз Gs H2O СНз 
a. СНз-С-Н ~ CHs-C-Br c. С=СН, - CH4-C-OH 
CH; CH; CH; H2504 CH; 
(from b.) 
CH CH CH 
| * {CH,)scoK? ~ S ~ Ср СНО] 
b. CHj-C-Br - С=сн 4. C-CH; - CHs4-C-QI 
CH / Бој l 
3 CH3 CH3 CH3 
from a. 
( ) (from b.) 


Bra Вг K*-OC(CH3)s Br; Br | 
а. === =>” + enantiomer 
hv ZA 
Br 
mCPBA 
b. е О 
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15.15 Since the reaction does not occur at the stereogenic center, leave it as 1s. 


Cl ug. C4 H Br HBr 
2] Ср ау zy 
е С C 
eC NS 
СН; CHCH; _ ћу ссн; | Тонгон» * сн ^ CH4CH&CI 
(2R)-2-bromobutane 5 В 


15.16 
CI Ci 


а! | | 
Се B | 
снаснснснсњс! + СНУСН»СНСН»СНз + сн,сн,сн;“ Nd. CH,CH,CH;. N Cs 


а. CHgCHsCH»CH>CHy 


с! с! а 


а 
Ре» — [> сна + DS. + Don, + сы $ сн, + [> сы 


" Cl, С! CI H 
C. Снаснь-С-СНСНз —— CH,CH;-C-CH,CH, + CICH;CH;CH(CH;CHgo + | 
CHCH ћу CH;CH; CHs~ ^CH(CH;CH3)» 


на 
Cl с CI CI H Cl H Cl koX 


H < с 
d. ^Y i zi t A 5 P сну " CH(CH;CHj); 


(Consider attack at 
C2 and C3 only.) 


15.17 


Chain propagation: 


The radical is re-formed. 


15.18 Draw the resonance structure by moving the л bond and the unpaired electron. The hybrid is 
drawn with dashed lines for bonds that are in one resonance structure but not another. The 
symbol $ is used on any atom that has an unpaired electron in any resonance structure. 


a. сн, ence Gh, = = СНз CH CH=CH, е «E y T 
ô ô 
hybrid: CH3-CH=CH==CH, hybrid: с 


> CR— Ó. . (у 79 = 


ò ò 


hybrid: пура: Cpe 
" 
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15.19 Reaction of an alkene with NBS or Br; + лу yields allylic substitution products. 


Br 
н NBS 
| TU C. CH,-CH-CH3 CH2CHCHs 
Š Br Br 
NB 
b. СН›=СН-СНЗ "xd CH5- CH- CH;Br 
15.20 
NBS NBS CHBrCH3 
а. CH3;—CH=CH-CH3 CH3—CH=CH-CH,Br с. СН,=С(СНСН3) CH,-C 
T 
CHCH 
CH&4CH(Br)CH- CH; "Raub: 


BrCH;C(CH;CHs) = CHCHs 


NBS 
b. СНз Вг СНз + СНз 
CH3 hv CH3 CH; 


Br 
15.21 
СНз СНз СНз Ст, СНз 
o -т ае: 
+ Вг + + 
ћу 
Вг Вг 


15.22 Reaction of an alkene with NBS + Av yields allylic substitution products. 


а: +“ ===> C one possible product: high yield 
Br 
b. CH4CH;CH- CHCHsBr B on 


Cannot be made in high yield by allylic halogenation. 
Any alkene starting material would yield a mixture of allylic halides. 


OOH 


second resonance structure 
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15.24 The weakest C-H bond is most readily cleaved. To draw the hydroperoxide products, add OOH 
to each carbon that bears a radical in one of the resonance structures. 


1 i 
C C 
А “он — di хон 
EN | H linoleic acid <. 
This allylic C-H bond is most readily cleaved. | 
О 
|| || 
С 


hydroperoxide products: 


HO 
`o n " 
~ + ІГ C.. T 
| on OH 
EN EN „ОН 
о О 
| 
2 Зон (Е/2 іѕотегѕ are possible.) 
НО. 
о 27 
15.25 
ОМ МА i. 
(СНз)зС C(CH3)s (СНз)зС C(CH3)s 
BHT 
H H H H 
CH; CH, 
:0- :0: :0: :0: 
(СНз)зС C(CH3)s (СНз)зС C(CH3)s (СНз)зС С(СНз)з (СНз)зС C(CH3)s 
H H H H H H H H 
СНз СНз СНз СНз 
15.26 
а. сн»-снсн»сньсньсн, 18. — CH;CHCH;CH;CH;CHs 
Вг 
CH CHCH;CH;CH;CHs HBr ‚ CH,BICH,CH;CH;CH4CHs 
ROOR 
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Chapter 15-8 
HBr 


C. CH3CH=CHCHsCHsCH3 CH3CH—CHsCHsCHsCH3 + CH3CH2—CHCH2CH2CH3 
ог НВг, ROOR В. Br 


15.27 In addition of HBr under radical conditions: 
Br- adds first to form the more stable radical. 


Then H- is added to the carbon radical. 


LJ 

СНз H CH, H СНз H 

; a ИЕ; ANT | | 

2 radical possibilities: Br-C—C- ог -C—C-Br > H—C—C-Br 
| N / | | | 
CH; H СНз H СНз H 
o А 3? radical 
is К ЕА more stable 
This radical forms. 
15.28 
Br 
B 
" en HBr oe " en to Cr 
ROOR Br Br 
Br 
b. oe HBr C^ 
15.29 
Transition state 1: 
| ? T iti tate 2: 
CH,-C—0H; ransition 5 аїе 2: А 
ô Lô 
:Br: ОРО oH 
H :Br: 
:Вг: | 
д [Use the bond dissociation 


energies in Appendix C.] 


~ e eer r P EEA Ae A ДЕЛИК 
S СНз-СН=СНЬ 
à + $r 

—18 kJ/mol 


—29 kJ/mol 


Reaction coordinate 
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у Н j Н i 

а. сн=С = i-c-6-ch-6-ch-6—] — b. ҮГҮТҮ == CH,-CH-OCOCH 
\ i i i 2 3 
CeHs CeHs Сены СН 


AME NES. 
polystyrene СОСНз СОСН; COCH3 
poly(vinyl acetate) 


15.31 
CI CI 
Initiation: ROSOR Hi. ВО “cu Nel ү вбсн,-с- 
А H 
carbon radical 
Cl С! [3] Cl Cl 
А .. .. | 
Propagation: ROCH,-C/ У Сан МУ RÜCH;-C—-CH;-C. 
H P н | H 
Repeat Step [3] over and over. | new C-C bond 
С! Cl [4] Cl С! 
Termination: эң! М ронам ——— »CH,-C-C-CH,~ [опе possibility] 
H H HH 
15.32 
a. increasing bond strength: 2 « 3 « 1 
b. and c. сњ Сн» СНз 
ы СН»-С-СНСНз H- CH2-C- CHCH; H-CHa-C-CHCHs 
H H H H 
1° radical 2° radical 3? radical 
least stable intermediate stability most stable 


d. increasing ease of Н abstraction: 1 « 3 < 2 


15.33 Use the directions from Answer 15.2 to rank the radicals. 


a. (CH3)/CHCH;CH(CH3)CH, (CH3J;CHCHCH(CH3), (СНА) C СЊСН(СНа)» 
1? radical 2? radical 3? radical 
least stable intermediate stability most stable 
b. 1 J ./ 4 > / y— 
2? radical 3? radical allylic radical 


least stable intermediate stability most stable 
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15.34 Draw the radical formed by cleavage of the benzylic C-H bond. Then draw all of the resonance 
structures. Having more resonance structures (five in this case) makes the radical more stable, 
and the benzylic C-H bond weaker. 


CH5;-H 
СТ X benzylic С-Н bond 


| bond dissociation energy = 356 kJ/mol 


: CH; : CH; l „CH, В „CH, ( „CH3 


15.35 
H H Ha = bonded to an sp? 3° carbon 
NOR RR. т Нь = bonded to an allylic carbon Increasing ease of abstraction: 
CH? —-CHCHCHC(CH3)CH?-H-— с He = bonded to an sp? 1? carbon He < Ha < Ha < Hp 
Hg 7H На = bonded to an sp? 2° carbon 
15.36 
CI 
a — 
С! С! 
b. (CH3)5CCH2CH2CH35CHs3 (CH3)3CCHsCH2CHsCHeCl + (CH3)3CCH2CHsCHCH3 + (СНазсснснсноСсНа 
CH;CI а! 
+ (CH3)2CCH2CH2CH2CH3 т (CH3)3CCHCH2CHsCH3 


d. OZ 


15.37 To draw the product of bromination: 
* Draw out the starting material and find the most reactive С-Н bond (on the most substituted C). 
* The major product is formed by cleavage of the weakest C-H bond. 


HN TN 


| 
b. (CH34CCH;CH(CHg» — —————— (CHI) оно“ (CH3) d. (CH3)3CCH2CH3 (CH3)3CCHCH3 
Br 
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15.38 Draw all of the alkane isomers of C;H;4 and their products on chlorination. Then determine 
which letter corresponds to which alkane. 


hv 
A CI 
CI 
dn Cle d ај + TS ш о + 
В Cl 
AY Clo AA Ag 
* + 
Cl 
id а! 
С 
Cl, | 
ОМ ои LOO + Ы + Pu 
D hv odd 
а CI 
Clo 
Cl 
d m нај d T ^X + у^ бйрде бёша 
Е 


15.39 Halogenation replaces а С-Н bond with а С-Х bond. To find Фе alkane needed to make each of 
the alkyl halides, replace the X with a H. 


Br 
a. ЮЕ: =; С» с. [e = ; Сү 
Вг 
=== 
% X- р № d.  (СНз)зССН»С = (СНз)зССНз 


15.40 For ап alkane to yield one major product оп monohalogenation with Cb, all of the hydrogens 
must be identical in the starting material. For an alkane to yield one major product on 
bromination, it must have a more substituted carbon in the starting material. 


a. (>= = [> аа а. AK 


Cl Br 
b. three different Br on 2° carbon 
= 
из s С-Н bonds The product with Br on 3? carbon 


р will form predominantly. 
These two compounds can be formed 
in high yield from an alkane. These two compounds cannot be 
formed in high yield from an alkane. 
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15.41 Chlorination with two equivalents of Cl; yields a variety of products. 


| Cl Cl Cl Cl 
о OF OY D^ OF 
A а! а! 
[^ 1 


The desired product is only one of four products formed. 


15.42 In bromination, the predominant (or exclusive) product is formed by cleavage of the weaker C-H 
bond to form the more stable radical intermediate. 


CH CH;—H - CH CHB сн.— ~ 
TN / || А 3 ( / abr 3 3 


"d H weaker bond т 
stronger bond ^? = 356 kJ/mol C К 


AH? = 460 kJ/mol As usual, more product is formed NOT formed 
by homolysis of the weaker bond. 


15.43 Chlorination is not selective so a mixture of products results. Bromination is selective, and the 
major product is formed by cleavage of the weakest С-Н bond. 


CI CI 


а 
A а | 
ү а 
А А 


2 
15.44 Draw the resonance structures by moving the л bonds and the radical. 
CH; сн М VA LA 
O” сто Ot СО 
Rec о до чак oa 
b. =——— 2 же — > — > 


Sus 
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15.45 Reaction of an alkene with NBS + Av yields allylic substitution products. 


Br. 
NBS 


hv 


Br Br 


| 
b. CH4CH,CH-CHCH;CHs CH&CH,CH-CHCHCHg + CHjCH,CHCH=CHCH, 


(CH3)o>C=CHCH2Br + BrCHsC(CH3)=CHCH,; + CH2=C(CH3)CH(Br)CH3 


C. (CH3)2C — СНСНз 
+ 
о“ 2С( Br)CH— CH2 


ОО р 20,20). А07 


15.46 It is not possible to form LEN ВЕ ИИБ. in good yield by allylic bromination 
because several other products are formed. 1-Methylcyclopentene has three different types of 
allylic hydrogens (labeled with *), all of which can be removed during radical bromination. 


UE ер 0 


Вг 


5-bromo-1-methyl- 
cyclopentene 


fo AD 
до. OD» 


Cl 
a. ^Y + Cl hv Jio n + ~ ~ + + d de. 
CI 
CH; : сн, 
b. СТ + в —— Вг (major product) 
СНз СНз 
СН 


3 Нз 


15.47 


LON 


+$ 
hh 
+ 


Вг 
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Вг Вг 
С: и +в M, Ы ВТ А. t — 


(minor LU (two major products) 


> 


+ NBS PEEL + 
OD, 


wae eo 


Br 
Br 
Br 
eax CH=CHCH,Br 
p 


Br 


cyclohexanone acetone 
CH3 СНа 
+ 
с! "а 
СНз CH3 
+ 


ROOR CY 
i. 
g. HBr 
ROOR 
15.49 
Br Br. 
HBr Bro 
a b. 
Br 
+ 
enantiomer 
15.50 
B KOC(CH ozonolysis 
To " (СНз)з у { = М )-o 
hv Br | 
Br 
A B С D 
15.51 
CH CH 
8 Bro 3 
a TN Br 
CH3 či CHCl СНз „СНз СНз 
р г + CI + + + 
Cl Cl 
+ 
Cl 
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1 
+ 


ћу 
Cl 
cl 
| - 
i on 3 pes Tei 
él 
CH 
4 CH3 Bro, E 3 
t Њу Вг E 
OH CH, СНУ “CH; 
e. a ud Ве. + 2 
H А CH, Br Br CH3 
СО» СС» CCl, CCl, 
f. C. Cl; (om + | 
РА “F a "E Can, + NTC E 
CHCH Mj ЈА CICHCH NM сњење“ St E онон; 
ЕН ЕН 
CH \- 5 
од “CCl, + ей "COl 
4 - ГЕ 
на СІН 


(2R)-2-chloropentane 


а 
Е а 
b. There would be seven fractions, since each molecule drawn has different physical properties. 
c. Fractions A, B, D, E, and G would show optical activity. 


15.53 
Clo 


Cl Cl 
а С! ас z 
: 7 + + + 2 
1 2 3 4 


с! а! 
if di c" ^ " a dd А d dd 
С * 
5 6 7 8 
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a. There would be 10 fractions, since 4 and 5 (two enantiomers) would be in one fraction. 
b. АП fractions except the one that contains 4 and 5 would be optically active. 


15.54 
Br 


hv *, 
A Br Br 
ies T oe 
15.55 
сн сн 
а. Снз-С—Снз + Вг = В. СНа-С-СНз + HBr 
H Br 
С-Н bond broken  Br-Br bond broken С-Вг bond formed _ H-Br bond formed 
--381 kJ/mol +192 kJ/mol —272 kJ/mol —368 kJ/mol 
AH? = -67 kJ/mol 


total bonds broken = +573 kJ/mol total bonds formed = —640 kJ/mol 


e Ne hv 
Нани: :Вг—Вг 2 > Br: + Br 
b. Initiation: NY we Or A 
Propagation: (CHC Н 5 АВ (СНС. + H—Br: c.AH?- (bonds broken) — (bonds formed) 
А à d = (+381 kJ/mol) + (-368 kJ/mol) 
= +13 kJ/mol 
(снесе. ОВ Be (СНз)зС—Вг + -Br: АН? = (bonds broken) — (bonds formed) 
sees * = (+192 kJ/mol) + (-272 kJ/mol) 
a = —80 kJ/mol 
Termination: — :Br- + ‘Br: :Br—Br: 


(one possibility) 


d. and e. 
Transition state 1: 
+13 Transition state 2: 
kJ/mol 
Transition state 1: Transition state 2: 

S | coe E ee iT ge | [ee 

5 | (CHs)sC—H снз=С® сна CHa C- cH, 

Ej +e в $r -Ër 
& 5 

—80 
kJ/mol 


(CH3)3C—Br + -Br 


Reaction coordinate 
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15.56 
О О 
Initiation: N; Br: м: + -Br 
О О 
МВ$ 
Propagation: у “ч + Ви — у “мз — И ДР 
н Чы? s C И 
‘Brg Br: T». (from NBS) "o BCBE 
(from NBS) 


р + В ER + ‘Br: 
Br 
Termination: :Ве + ‘В: —— — :Br—Br 
(one possibility) 


15.57 Calculate the АА? for the propagation steps of the reaction of CH; with I; to show why it does 
not occur at an appreciable rate. 


bet aor CH, + нї: AH = +138 kJ/mol This step is highly endothermic, making it 
2 a difficult for chain propagation to occur 
+435 kJ/mol —297 kJ/mol over and over again. 


CH, + :1—1: - СНІ +. AH = -83 kJ/mol 


+151 kJ/mol —234 kJ/mol 


15.58 Calculate АН” for each of these steps, and use these values to explain why this alternate 
mechanism is unlikely. 


[1] CH, + :Cl- CHCl + H- 


C-H bond broken C-CI bond formed AH°=+84k | o : : 
4435 kJ/mol —351 kJ/mol *84 kJ/mo The AH for Step [1] is very endothermic, 
making this mechanism unlikely. 


[2] н. + Ob HCl + :Cl- 
CI-CI bond broken H-CI bond formed AH’ = —189 kJ/mol 
+242 kJ/mol —431 kJ/mol 
15.59 
"e 
ao. HBr n 1,2-CH, shift JA BE Br 
UK UK | 
+ Br v^ 


3,3-dimethyl-1-butene 2° carbocation 3° carbocation 2-bromo-2,3-dimethylbutane 
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m | "x 


3,3-dimethyl-1-butene 


HBr 


ка d + Br- 


HBr The 2° radical does 1-bromo-3,3-dimethylbutane 
peroxide NOT rearrange. 


Addition of HBr without added peroxide occurs by an ionic mechanism and forms a 2° carbocation, 
which rearranges to a more stable 3° carbocation. The addition of H* occurs first, followed by Вг. 
Addition of HBr with added peroxide occurs by a radical mechanism and forms a 2° radical that does not 
rearrange. In the radical mechanism Br- adds first, followed by H.. 


15.60 
itiation: : CI— CI: Ст + С 
Initiation: SSN or A 
Propagation: енун Ў 10 СНз + н-а 
CH, + :Cl Gh = СНз С: + -CI 
(Ov UN 
One possibility for СНз + СНз CH3— CH3 
termination: | 
cH,- ch, In f: CHCH? P н-С: 
АЕ 
СНзСН> 4 de A = | СН.СН»-С! | + Cl: 
15.61 
| 
Step 1: СНз-СН=СН, * «Cl = CH3 C СН» АН; = —72 kJ/mol 
0 
1 bond broken 1 bond formed 
+267 kJ/mol —339 kJ/mol 
Й Й 
Step 2: СНз CH; + на СНз—С-СН» АН» = +34 kJ/mol 
CI на This step of propagation is endothermic. It 
1 bond broken 1 bond formed prohibits chain propagation from occurring over 


+431 kJ/mol —397 kJ/mol and over. 
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15.62 
O рә a Com ON 
A O 
(from b.) 
K* "OC(CH3)5 
b. | CI Е (7 Bro Br 
9. Br 
(from a.) 
(from c.) Br Br 
er 
с. 
ROOR (= h (Ув -OH M 
шош (from c.) 
H2O 
d. E Фа | (он mCPBA OH 
Н504 : 
(from b.) болг) z 
“OS Crs 
Co [1] NaCN 
(from b.) Cl (from #) [2] H2O 
15.63 
" Bro Br K*-OC(CH3)3 
hv 8250, 
тајог 
(CY 


mCPBA 
b. О с. — + enantiomer 


(from a.) Er a.) 
15.64 
Br Br A 
Br, K* -OC(CH Br | 1 K* "OC(CH3)s 
а. CH4CH;CH4 ——= СНАСНСНа (СН CH4CH- CH; = CH4-C-C-H - „ CH3;C=CH 
һу i ME (2 equiv) 
Br H H DMSO 
Br K*-OC(CH 
b. (СНз)з PEL pu- 
ROOR 
Е Ман =c- CHCHBr \ H2 HBr 
C. HC=CH HC=C 3 2 = NZ “NZ - 
Lindlar catalyst ROOR 
15.65 
B Kt 'OC(CH Br 2 NaNH 
а. CH4- CH; ге > СН.-СНЬЫВг (СН | CH=CH; ? .- BrCH; — CH;jBr 2. НСЕСН 
— . CH5- CH;Br 
b. HC=CH NaH нс=с oe  HCECCOH,CHs 
(from a.) 
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О о 
тСРВА ДО ГЇНС=© | нс=ссн,сн,он 


at eae (from b.) 
(from a.) [2] HO 
d. HC=CCH,CH, МН, -сессньсн, 298-0928", сн.сн,-с=е-сньсн, Ма, ИК 


(from b.) (from a.) NH3 


e. CH;CH,-C=C-CH,CH, "2O 


(from d.) Н250, di nd 


15.66 


с 
CI K* -OC(CH [1] 0 

С) 2 Cy (CH3)s @ з ong чу: 
ћу [2] (СНз)2$ 


15.67 
О» ji a H here. : 6-6: 
m im COOH .6_6. К A COOH — 3 COOH 
ES а СН EN — СН m __ 20gHq 
arachidonic acid " нӧб: | 
ан 
соон poH фф 
I d ae СООН р-н == „ге соон 
+ ———— 
=== EE СЕН, uu uM о | o mu Сана 


another molecule of 
| SCENE arachidonic acid 


This process is repeated. 


15.68 
(ag 66 — C oe 6 B. (eg gr te am 
+ HOG- [3] А 
@; 


Тһеп, гереаї 
Steps [2] and [3]. 


15.69 


n a e ү „ ПОО клу „_ 
OOH (cis and trans) 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 393 


Radical Reactions 15—21 


О» abstracts a Н here. 


0-0: О) 
a> 1] у Aa 
~ ~ H H „+++ 
"978% + HOO 
2 А = 
г“ [ а] А “an а р [За] x ај а + В [АН = 1-hexene] 
ÉL uou Acn: ВАН 
\-6-6- O=O SEM 
[2b] [3b] ^ ноо 
== RES ==, со 
“м N 9 Б УВ 
CT os. ВН 
\-0-6. QUOC 55 
Repeat Steps [2] and [3] again and again. 
15.70 
(СНз)зС 
En Abstraction of the phenol H 
produces a resonance-stabilized radical. 
(СНз)зС (СНз)зС (СНз)зС (CH3)4C (СНз)зС 


OCH; OCH,  :O 2-0) pd atom 


15.71 Abstraction of the labeled H forms a highly resonance-stabilized radical. Four of the possible 
resonance structures are drawn. 


OH OH 
HO OH -O OH~— 


n 


О О 
vitamin С X M 
:OH .. 
До, О: 


15.72 The monomers used in radical polymerization always contain double bonds. 


a: Paa. " = b. сш. => CH,=CHCO,Et 


COOEt COOEt COOEt 


polyisobutylene poly(ethyl acrylate) 
(used in Latex paints) Et = СН;СНа 
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15.73 
Он» з cue. а 
а. CH= 8 CH;-G—CH;—6-CH;—6—] 
COOCH; COOCH}, COOCH; COOCH; 
methyl methacrylate PMMA 


CH3 


b. CH4-C/ ; : 
СО5СН»СН»ОН НО Ao o А 
hydroxyethyl methacrylate fe) 


poly-HEMA он 


15.74 
Overall reaction: сн,=снсм ROOR "с ^ 


CN CN 
" 2 
JU. ан WM E | 


Initiation: ROFOR 


CN CN [3] CN CN 
Propagation: ROCH,-C-“ У de T 1 
H Xi H | H 


Repeat Step [3] over and over. | new C-C bond 


CN NC [4] CNCN 
Termination: wwCH-Q/ УМ CCH pan ——— CHS-C- C- CH, ^ 
H H HH 


15.75 


— ; 


a. СНО N / CH=CH, = 


А d # E 


OCH; OCH; OCH, 


[one possibility] 


b. The ОСН. group stabilizes an intermediate carbocation by resonance. This makes A 


react faster than styrene in cationic polymerization. 


i T ; | | 
:OCHs :OCH3 +OCHg 


three of the possible resonance structures 
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15.76 
singlet singlet 
at2.23 at 4.04 doublet 
at 1.69 
doublet at 5.85 
A ћу сі а ый" Е 
multiplet CI 
c А аї 4.34 B 
15.77 
triplet molecular formula C3HgClo 
| | Integration: 
P Ch „лч (57 units + 29 units)/6 H's = 14 units per Н 
hv i | © one signal is 57 units/14 units per H = 4 H's 
В second signal is 29 units/14 units per H = 2 H's 
ЧАШИ 'H NMR data: 
minor product : 
Р quintet at 2.2 (2 H's) split by 4 H's 
triplet at 3.7 (4 H's) split by 2 H's 
15.78 
equivalent H's doublet quartet 
СЬ singlet 
a. CH3CH3 СІСНСН»СІ T CH3CHClo 
X Y 
онен: С=С: С. + -Cl 
b. Initiation: уе ОГА 
H H 
Propagation: | - 
pag Е CI = CHC: + НС: 
H 
H AN ГАЈ " 
ND + :ClI—Cl: = CHg-C-Ol + -Cl: 
H H 
и“ M B 


Formation of Y: CH3 CH-CI CH3—CH-Cl + н-С: 


CHg-CH-Cl ^ снснсь + :@: 
ick Y 
Formation of X: Н КОН» CH;CI =  :CH;-CH;C| + H-CI: 
М :ClI—Cl: 
CH, - CH;CI CICH;CH;CI + -Cl 


X 
Termination: АС ја : 


г: 
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15.79 
ROSOR RO: + .OR 
О 
| mom B o gm 9 
C... РР || Ум 
cuj Và У Уба 7 "ES Aa в. P P ү 
OA gp О: 
+ H-OR с. (Repeat Steps [2] 
сну‘ and [3].) 
15.80 
Initiation: Вабин + 2 —— RgSn- + HZ 
| 2 : 
Propagation: AN XN вг ——~ ~N CH + Рабпвг 
R3Sn 
<— X Вабин 
ОНЕ — пе + Взбп 
WP R3SnH 
их СН ЕЕ + R3Sn 
* R3SnH 
PASEO ZN + RS. 
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Chapter 16: Conjugation, Resonance, and Dienes 


* Conjugation and delocalization of electron density 


e The overlap of p orbitals on three or more adjacent atoms allows electron density to delocalize, thus 
adding stability (16.1). 

e An allyl carbocation (CH;- CHCH; ) is more stable than a 1? carbocation because of p orbital 
overlap (16.2). 


e In any system X=Y-Z:, Z is sp” hybridized to allow the lone pair to occupy a p orbital, making the 
system conjugated (16.5). 


$ Four common examples of resonance (16.3) 


[1] The three atom “allyl” system: X=Y-Z -——- X-Y=Z + =+,—,% ог • 


[2] Conjugated double bonds: С) 
N+ 


+ 


[3] Cations having a positive charge 
adjacent to a lone pair: 


[4] Double bonds having one atom more 


: ——- ху : | Electronegativity of Y > х) 
electronegative than the other: 


* Rules on evaluating the relative “stability” of resonance structures (16.4) 


[1] Structures with more bonds and fewer charges are more stable. 


CH CH 
more stable ers ве 
resonance structure "x: Zu 
CH3 сн» \ 7 
all neutral atoms 5 
one more bond charge separation 


[2] Structures in which every atom has an octet are more stable. 


Yu * more stable 
CH35-0- CH; НЕ Ла resonance structure 


All 219 row elements have an octet. 


[3] Structures that place a negative charge on a more electronegative element are more stable. 


The (-) charge is on the more 
electronegative O atom. 


em hs 
a c more stable 
сн [£e 7 7  €Hg SCH, resonance structure 
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% The unusual properties of conjugated dienes 


[1] The С-С o bond joining the two double bonds is unusually short (16.8). 
[2] Conjugated dienes аге more stable than similar isolated dienes. АН” of hydrogenation is smaller for 
a conjugated diene than for an isolated diene converted to the same product (16.9). 
[3] The reactions are unusual: 
e Electrophilic addition affords products of 1,2-addition and 1,4-addition (16.10, 16.11). 
* Conjugated dienes undergo the Diels—Alder reaction, a reaction that does not occur with 
isolated dienes (16.12—16.14). 
[4] Conjugated dienes absorb UV light in the 200—400 nm region. As the number of conjugated л bonds 
increases, the absorption shifts to longer wavelength (16.15). 


+ Reactions of conjugated dienes 
[1] Electrophilic addition of HX (X = halogen) (16.10-16.11) 


HX 
CH? -CH-CH- CH; — | Gh; -6H-6HeoHs | +| ÇH2—-CH=CH—CH; 
(1 equiv) | l H X 


1,2-product 


1,4-product 


kinetic product thermodynamic product 


* The mechanism has two steps. 

e Markovnikov’s rule is followed. Addition of H' forms the more stable allylic 
carbocation. 

e The 1,2-product is the kinetic product. When Н” adds to the double bond, X adds to 
the end of the allylic carbocation to which it is closer (C2 not C4). The kinetic 
product is formed faster at low temperature. 

* The thermodynamic product has the more substituted, more stable double bond. The 
thermodynamic product predominates at equilibrium. With 1,3-butadiene, the 
thermodynamic product is the 1,4-product. 


[2] Diels—Alder reaction (16.12—16.14) 


A Z - 
2 xw. "E с iy 
“(С 


1,3-diene  dienophile 


The three new bonds 
are labeled in bold. 


e The reaction forms two o and one x bond in а six-membered ring. 

• The reaction is initiated by heat. 

* The mechanism is concerted: all bonds are broken and formed in a single step. 

* The diene must react in the s-cis conformation (16.13A). 

e Electron-withdrawing groups in the dienophile increase the reaction rate (16.13B). 
* The stereochemistry of the dienophile is retained in the product (16.13C). 

• Endo products are preferred (16.13D). 
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Chapter 16: Answers to Problems 


16.1 Isolated dienes have two double bonds separated by two or more o bonds. 
Conjugated dienes have two double bonds separated by only one o bond. 


(4 4 
О oO QD 00 
А, 1111 
One o bond separates Two o bonds separate One o bond separates Four o bonds separate 
two double bonds = two double bonds = two double bonds = two double bonds = 
conjugated diene isolated diene conjugated diene isolated diene 


16.2 
isolated isolated 


isolated 
А `OH 


5-HPETE 1 | 


conjugated 


16.3 Conjugation occurs when there are overlapping p orbitals on three or more adjacent atoms. 
Double bonds separated by 2 o bonds are not conjugated. 


а. ba а а ba " “ү М © 


All of the carbon atoms are sp? © “ы 

hybridized. Each x bond is The two л bonds are This carbon is not sp? hybridized 

separated by only one o bond. В or 
separated by only one o bond. conjugated NOT conjugated 
conjugated 
The two x bonds are Three adjacent carbon atoms are sp? hybridized 
separated by three o bonds. and have an unhybridized p orbital. 
NOT conjugated conjugated 


16.4 Two resonance structures differ only in the placement of electrons. All o bonds stay in the same 
place. Nonbonded electrons and x bonds can be moved. To draw the hybrid: 
e Use a dashed line between atoms that have a x bond in one resonance structure and not the 
other. 


Use а д symbol for atoms with a charge or radical in one structure but not the other. 
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resonance hybrid: - - 
PN A — — p" EN The + charge is delocalized 
e “+ E m on two carbons. 


resonance hybrid: 


b. ( 5 == ( — + T The + charge is delocalized 
~ on two carbons. 
t 8+ 
resonance hybrid: 
с. + = + "Nes 5+ | The + charge is delocalized 
on two carbons. 


16.5 Each different kind of carbon atom will give a different "C signal. When a carbocation is 
delocalized as in structure B, carbons become equivalent. 


ðt 
( св The two 8* carbons are identical. 
6+ 
А В 
5 different kinds of C 4 different kinds of C 
5 13C ММВ signals 4 13C NMR signals 


16.6 Snl reactions proceed via a carbocation intermediate. Draw the carbocation formed on loss of Cl 
and compare. The more stable the carbocation, the faster the Sn1 reaction. 


3-chloro-1-propene cH, - CHCH;CI CH3CH5CH5;CI is a 1° halide, which does not react by 
more reactive | an Sy reaction because cleavage of the C—Cl bond 
n + forms a highly unstable 1? carbocation. 
CH5—CH-CH, ~ > CH,=CH—CH, 
" 1-chloropropane _ CH3CH;CH;5CI 
resonance-stabilized carbocation less reactive 
Two resonance structures delocalize + 
the positive charge on 2 C's making СНзСНзСН? 
3-chloro-1-propene more reactive. only one Lewis structure 


very unstable 
16.7 


aN s. m 
a. CH=CH! бн-сн=сн, ја = Ен) Guter ан бер 


Move the charge 
and the double bond. 


CH»=CH-CH=CH-CH> 


СО: :0: ^ 
|| | + .. + 
A a OH; _„С~ СНз с. CH3—CH-Cl: CH3-CH=Cl: 
CH3CH2 C- CH3CH2 C du 
Н H Move the lone pair. 


Move the charge 
and the double bond. 


"ФА 


Move the charge 
and the double bond. 


Or Or 
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16.8 To compare the resonance structures remember: 
* Resonance structures with more bonds are better. 
* Resonance structures in which every atom has an octet are better. 
* Resonance structures with neutral atoms are better than those with charge separation. 
* Resonance structures that place a negative charge on a more electronegative atom are 


better. 
no octet one more bond 5+ 
+ 6t 
N NH F + 

NH + 2 г | 

y 2 65 Ó: О: О: 
а. СН; С Мн; = СНз с Е с. pe 4 a v S udi d d 
Р 8 
СНз СН; hybrid СНз 
| bl least stable one more bond most stable 
eaststable опе more bond most stable better resonance structure 
All atoms have an octet. А А И 
better resonance structure intermediate stability 
intermediate stability 
ss ae B 
: :0: : 
e | j " 
„Сс —— 2С Cx, ô- NT 
b. ОНУ ^NH сна“ “мн СН; на +—N d N 8t)==N 
least stable negative charge on the hybrid 
more electronegative atom most stable least stable one more bond most stable 


better resonance structure better resonance structure 


intermediate stability 
16.9 


intermediate stability 


+ 
ОСНз 


largest contribution 
more bonds and all 
atoms have octets 


16.10 
:О: E 3: E n :08- 
á em О 9 | | 
2С. —— „С —— „Сы C..6* 
сну СОН сна + "он сна“ “он сна 8^ OH 
A B с р 
no charges 2 charges 2 charges 


All atoms have an octet. 
4 bonds (C-C + C—O) 
most stable 
lowest energy 
resonance structure 


c. In order of increasing energy: D < A < C «B 


least stable 
highest energy 


C does not have an octet. 
3 bonds (C-C + C-O) 


4 bonds (C-C + C-O) 
intermediate stability 
intermediate energy 


All atoms have an octet. 


resonance hybrid 
lower in energy 
than any single 
resonance form 


16.11 Remember that in any allyl system, there must be p orbitals to delocalize the lone pair. 


| p 


4 
a. [У b. CHs-C 
:0:=— 


sp? hybridized 
trigonal planar geometry 


sp? hybridized 
trigonal planar geometry 


Cm 


sp? hybridized 
trigonal planar geometry 
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16.12 The s-cis conformation has two double bonds on the same side of the single bond. 
The s-trans conformation has two double bonds on opposite sides of the single bond. 


a. (2E,4E)-2,4-octadiene in the s-trans conformation c. (32,52)-4,5-dimethyl-3,5-decadiene in 
Pa uA both the s-cis and s-trans conformations 
2 


double bonds on opposite sides | 


2 
s-trans L 2 
b. (3E,5Z)- 3,5-nonadiene in the s-cis conformation 5-215 " s-trans d 
2 


2 
j- Z 
| — -E 
double bonds on the same side 
s-cis 
16.13 
s-cis 
conjugated 
s-trans conjugated mg Ја А РЧ 
| — isolated i 
conjugated (2 o 21801816 
\ » 4 p 2_ )-on 
HO = 2 | 
| isolated 
isolated 


16.14 Bond length depends on hybridization and percent s-character. Bonds with a higher percent 
s-character have smaller orbitals and are shorter. 


| | 


о CH5-CH-CH-CH; CHCH} 

sp hybridized carbons sp? hybridized carbons sp? hybridized carbons 
50% s-character 33% s-character 25% s-character 
shortest bond intermediate length longest bond 


16.15 Two equivalent resonance structures delocalize the л bond and the negative charge. 


T — а Ë 
NO: О. hybrid: // ~—These bond lengths are equal 


= because they are identical. 
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16.16 The less stable (higher energy) diene has the larger heat of hydrogenation. Isolated dienes are 
higher in energy than conjugated dienes, so they will have a larger heat of hydrogenation. 


a. р or Ах 
Double bonds separated by Double bonds separated by 
one o bond = conjugated diene two o bonds - isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 
=== i © 
Double bonds separated by Double bonds separated by 
one o bond = conjugated diene two o bonds = isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 


16.17 Isolated dienes are higher in energy than conjugated dienes. Compare the location of the double 
bonds in the compounds below. 


OO 


0 conjugated double bonds 2 conjugated double bonds 3 conjugated double bonds 
least stable intermediate stability most stable 


16.18 Conjugated dienes react with HX to form 1,2- and 1,4-products. 


HCI 
а.  CH3—CH=CH-CH=CH-CH3 E CH3-CH-CH—CH-CH-CH, + CHs4-CH-CH-CH-CH-CHs 
H Cl H Cl 
Cl 1,2-product 1,4-product 
Я Q HCI СУ 
isolated diene 
CI 
O HCI Cy 
C. 
CI 
Cl 
Cl 
Dre а а 
| А В С 


This double bond is more reactive, so C is probably a minor product 
because it results from НСІ addition to the less reactive double bond. 
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16.19 The mechanism for addition of ОСІ has two steps: 


[1] Addition of D* forms a resonance-stabilized carbocation. 
[2] Nucleophilic attack of СГ forms 1,2- and 1,4-products. 


[1] aN 
[ _ 


eos (С D + Сї: 
:Cl: [2] 
[2] B 
+ | 
а! < 
D D 


16.20 Label the products as 1,2- or 1,4-products. The 1,2-product is the kinetic product, and the 1,4- 
product, which has the more substituted double bond, is the thermodynamic product. 


This is C1. The H added here. The H added here. 
CH 
СНз : СНз 
НСІ 
Фош 
| а 
This is C4. 1,2-product 1,4-product 


kinetic product thermodynamic product 


16.21 To draw the products of a Diels—Alder reaction: 
[1] Find the 1,3-diene and the dienophile. 
[2] Arrange them so the diene is on the left and the dienophile is on the right. 
[3] Cleave three bonds and use arrows to show where the new bonds will be formed. 


COOH Ж А 
а. { Е eo ES | X 
COOH 


COOH 
diene dienophile 
CHs re-draw TN A 
b „МЕ + =X оз Мм COOCH; 
COOCH, СНз COOCH3 СНз 
diene dienophile 
Rotate to 
make it s-cis. 
re-draw (ИЕ О А о 
с. d 2 ~ sese 
о 
dienophile diene 
Rotate to 


make it s-cis. 
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16.22 For a diene to be reactive in a Diels-Alder reaction, a diene must be able to adopt an s-cis 


conformation. 
El x UD 
rotate 
s-trans S-cis 
cannot rotate most reactive 
unreactive / \ 
The diene is always іп the 
S-cis s-cis conformation. 
reactive 
16.23 
6 FN 
хх 
(2Z,4Z)-2,4-hexadiene (2E,4E)-2,4-hexadiene 


sterically hindered sterically unhindered 
| more reactive 


Steric interactions between the two СН» groups make it difficult 
for the diene to adopt the needed s-cis conformation. 


16.24 Electron-withdrawing substituents in the dienophile increase the reaction rate. 


H HE H 
CH,=CH, CH,-Q С=с, 
СООН HOOC COOH 
no electron-withdrawing groups one electron-withdrawing group two electron-withdrawing groups 
least reactive intermediate reactivity most reactive 


16.25 A cis dienophile forms a cis-substituted cyclohexene. 
A trans dienophile forms a trans-substituted cyclohexene. 


CH400G COOCH; A COOCH; „„СООСН; 
а. = po. + о 
> H H | 


COOCH, “COOCH; 
cis dienophile cis-substituted products 

CH40OC H А COOCH; „„СООСНа 

b. + ME T 
H COOCH; “COOCH; COOCH; 

trans dienophile trans-substituted products 
О 
О О 
Н 
с Z^ + ^ 


О H B "identical" — H 


cis dienophile : р 
p cis-substituted product 
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16.26 The endo product (with the substituents under the plane of the new six-membered ring) is the 
preferred product. 


^ 
a. +  CH,=CHCOOCH,  ——- j 
COOCH, endo substituent 


COOCH; 
A 
b. O + | — f 
COOCH; COOCH, both groups endo 


COOCH; 
16.27 To find the diene and dienophile needed to make each of the products: 
[1] Find the six-membered ring with a С-С double bond. 


[2] Draw three arrows to work backwards. 
[3] Follow the arrows to show the diene and dienophile. 


COOCH;CHs COOCH;CHs Z COOCH2CH3 
a. O у ex ==> С + Г 
Sus 
СНО COOCHs СНзО COOCH; CH30 COOCH; 
b. = — | + pi 
Д Sus 


"COOCH; “COOCH; CH,00C 
CI CI 
CI ‘ Cl B о 
с. Z[ Xu (7 H а 
то ===> о ===> + | О 
VA CI 
о О 
О О O 
16.28 
сно омо 
MIS _ 360 
+ — № . 
> C) © № о (+ enantiomer) 
Е: Y a но 
А 


16.29 Conjugated molecules absorb light at а longer wavelength than molecules that are not conjugated. 


27 < 
а 47. ог г ч b. ee or CLS 


conjugated not conjugated all double bonds conjugated one set of 
longer wavelength longer wavelength conjugated dienes 
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16.30 Sunscreens contain conjugated systems to absorb UV radiation from sunlight. Look for 
conjugated systems in the compounds below. 


О О О 
SS 
CH3O OH CH3O 


conjugated system not a conjugated system conjugated system 
could be a sunscreen could be a sunscreen 
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16.31 Use the definition from Answer 16.1. 


e^ 
2 CO ae ~ 


1 x bond with 


seme ТУ  moadacon s9? hybridized atoms 
conjugated conjugated NOT conjugated 
‘oni CH;OCHs 
99 | Тиј C is sp?. Ө; 
3 л bonds with 2 or , 1 x bond with 1 x bond with 
GE CONG inda еп an adjacent sp? hybridized atom no adjacent sp? hybridized atoms 


The lone pair occupies a p orbital, NOT conjugated 
So there are p orbitals on 
three adjacent atoms. 


conjugated 


16.32 Use the definition from Answer 16.1. 


; ] conjugated 
isolated conjugated conjugated jug | 
е | "isolated 
TS y " < ч Woy А 
а. . . 
| | | 
isolated isolated conjugated 


isolated 
conjugated HR 


16.33 Although 2,3-di-tert-butyl-1,3-butadiene has four adjacent p orbitals, the bulky tert-butyl groups 
prevent the diene from adopting the s-cis conformation needed for the Diels—Alder reaction. 
Thus, this diene does not undergo a characteristic reaction of conjugated dienes. 


—CcH-6 T t AR 
(СНз)>С=СН- СН, e. CHO CH=CH: CH, — CH,O? CH-CH-CH, 


b. (Y ^— O~ CH4O- CH-CH-CH; 
+ 
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16.35 
+ ү + 
Г\ CH; CH; CH; CH; CH, 
+ + 
s = + + 
Сон C „Он OH CoH OH 
" — = es 
А010 Ср О 
У 
0 CH CHo MD OM. uc ( “— 
& f ДЕ 2 ик» 2 pU 2 T CH; 
и | = 
/ X ( \ 
CH, = CH 
/ = u 2 =. 2 
T + 
(\ CH; CH, CH, CH, CH, 
ee пы Пат 
OCH; OCH; OCH; * OCH, OCH, 
| + 
Осн» 
16.36 
" re 
C —— b — g D —.D 
5 ^y с је. 
resonance hybrid: 5- Five resonance structures delocalize the negative charge 


ô- on five C's making them all equivalent. 
DO d All of the carbons are identical in the anion. 
5 
16.37 The М atom of C;H,CH;NH, is surrounded by four groups and is sp? hybridized. Although the М 
atom of C,H;NH, is surrounded by four groups, it is also bonded to a benzene ring. To be 
conjugated with the benzene ring, ће N atom must be sp” hybridized and its lone pairs must 
occupy a p orbital. In this way the lone pair can be delocalized, as shown in one resonance 
structure. 


= + 


МН, NH2 NH 
-————- 2 
| The М atom is not conjugated 


sp? [+ three other sp? with the benzene ring. 
conjugated resonance structures] 
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16.38 
a. CH5—CH- CH; —H CH4CH;CH; -H 
| more acidic | less acidic 
СН»-СН=СН, - = CH )=CH—CHp CH3CH2CH3 


EE 5 пу one Lewis structur 
Resonance stabilization delocalizes the OMV ONE een TED HAIR 


negative charge on 2 C's after loss of a proton. 
This makes propene more acidic than propane. 


b. Draw the products of cleavage of the bond. 


ethane СНз—СНз 1-butene CH4-CH,CH-CH; 
„сну + СН -CHa + СН»-СНЕСНЬ CH; -CH-CH 
Two unstable radicals form. One resonance-stabilized radical forms. 


This makes the bond dissociation 
energy lower because a more stable radical is formed. 


16.39 Use the directions from Answer 16.12. 


а. (32)-1,3-ретааепе in the s-trans conformation c. (2E,4E,6E)-2,4,6-octatriene 
>. oN uu 
p < 
double bonds on opposite sides d. (2E,4E)-3-methyl-2,4-hexadiene in the s-cis conformation 


s-trans 


) / 
b. (2E,4Z)-1-bromo-3-methyl-2,4-hexadiene | 
Вг 
ње S-cis 


E 2 


16.40 


| 2 


1,4-pentadiene (8E)-1,3-pentadiene (3Z)-1,93-pentadiene 2-methyl-1,3-butadiene 1,2-pentadiene 


Де. ИЕ. 


3-methyl-1,2-butadiene 2,3-pentadiene 
16.41 


SS 
2E,4E 2Е,42 2747 


22,4Е 


16.42 
az mw 


(ЗЕ)-1,3,5-ћехатепе 
both s-cis 


p AY 


(32)-1,3,5-ћехатепе 
both s-cis 


and 


and 


(3E)-1,3,5-hexatriene 
both s-trans 
different conformations 


yy, 
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and 


с ГАЈ 
Е 


(3E)-1,3,5-hexatriene 
different stereoisomers 


=_= 


(32)-1,3,5-ћехатепе 
both s-trans 


== 


(3Z)-1,3,5-hexatriene 


different conformations 


16.43 Use the directions from Answer 16.16 and recall that more substituted double bonds are more 
stable. 


Increasing heat of hydrogenation 


Ss Sees QO 


conjugated diene conjugated diene isolated diene isolated diene 
one tetra-, one disubstituted one di-, one trisubstituted one di-, one trisubstituted both disubstituted 
double bond double bond double bond double bonds 
smallest smaller intermediate larger intermediate largest 
heat of hydrogenation heat of hydrogenation heat of hydrogenation heat of hydrogenation 


16.44 Conjugated dienes react with HX to form 1,2- and 1,4-products. 


Br 
O O 
(1 equiv) 
isolated diene 


Br Br 
^ em + Ae (E and Z isomers can form.) 


HBr major product, formed by addition of HBr to 


the more substituted C=C 


(1 equiv) 
1,2-product 1,4-product 
(1 equiv) 
1,2-product 1,4-product 1,2-product (Е and Zisomers) 


1,4-product 
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16.45 


This cation forms because it is benzylic and resonance stabilized. 


x 
( J pono { cH- chch + ЕУ 
i 


А + | 


H—Br ae 
:Br: + = 


H - Br 
| + + Вг Д 

( )—ен—онң, ( J ones CHCH3CHg 
n 1,2- 


H ee 
H shift | | Cc 
2° carbocation This 2° carbocation 
Kee is also benzylic, making it 
resonance stabilized, as above. 


16.46 To draw the mechanism for reaction of a diene with HBr and ROOR, recall from Chapter 15 that 
when an alkene is treated with HBr under these radical conditions, the Br ends up on the carbon 
with more H’s to begin with. 


аб SR RO. + а HOR + i 
| - 
Use each resonance structure to react with HBr. ae ss аА 
_ ГҮ _ 
Вг 27 ‘BI AZ + Br: 
BR. ASA нв ВА У | Br 
16.47 
C2 
HCI / CH 
a. and b. ( у к 3 + СНз 
C4— 
x Y dz 
H adds here at C1. CI added at C2. CI added at C4. 
1,2-product 1,4-product 
kinetic product thermodynamic 


product 


Y is the kinetic product because of the proximity effect. H and Cl add across two adjacent atoms. 
Z is the thermodynamic product because it has a more stable trisubstituted double bond. 
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Addition occurs at the labeled double bond due to the If addition occurred at the other С=С, 
stability of the carbocation intermediate. the following allylic carbocation would form: 
с. | + + 
СН» СН; -—- СНз CH, «> CH; 
+ 
The two resonance structures for this allylic The two resonance structures for this allylic 
cation are 3° and 2° carbocations. cation are 1° and 2° carbocations. 


more stable intermediate 


Addition occurs here. less stable 


16.48 Addition of НС at the terminal double bond forms a carbocation that is highly resonance 
stabilized since it is both allylic and benzylic. Such stabilization does not occur when НСІ is 


added to the other double bond. This gives rise to two products of electrophilic addition. 
Cl 


< A 4 ES А S NE 
ФОКУС 1,2-product 
| : 


22 
Se — 1 4-product 


(+ three more resonance structures that delocalize 
the positive charge onto the benzene ring) 


16.49 There are two possible products: 
disubstituted C=C 


(CH3;C—CH-CH-C(CHs)o + (СНа)Сс—Сн=сн—С(СНа)г 
1 ! | 
H Br H Br 


trisubstituted C=C 
1,2-product 1,4-product 


The 1,2-product is always the kinetic product because of the proximity effect. In this case, it is also the 
thermodynamic (more stable) product because it contains a more highly substituted C=C (trisubstituted) 
than the 1,4-product (disubstituted). Thus, the 1,2-product is the major product at high and low 
temperature. 


16.50 The electron pairs on O can be donated to the double bond through resonance. This increases the 
electron density of the double bond, making it less electrophilic and therefore less reactive in a 
Diels—Alder reaction. 


pe m + 
сн сн бсн -—- CH,—CH=OCH, 


methyl vinyl ether | 
This C now bears a net negative charge. 
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16.51 Use the directions from Answer 16.21. 
~ 2; L 
7 | on re-draw g | 
diene dienophile 
COOCHs COOCH; " 
XT e XXL XX 
^N | E 
C "Cl 
diene trans dienophile trans-substituted products 
COOCH, COOCH, „„СООСНа 
ECC X 20 
~ 5 Џ , 
СІ СІ ‘Cl 
diene cis dienophile cis-substituted products 


d. ЭХ 
E dienophile == endo ring 


COOCH3; 


Cl 


+ d, 


dei i 
О re-draw 
A endo substituent 
diene dienophile aos 
О 
о HJH 
| 5 Both C=C's of the 
MT a 4 A ог | С) dienophile react so two 
- Diels—Alder reactions 
excess үя take place. 
[9) 
diene dienophile 
16.52 Use the directions from Answer 16.27. 
CH en r 


COOCH3 
СНз 


COOCH3 
E 
CH3 


О 


Ж Сы 
A 


COOCH; COOCH 


СООСНз 
x т 
СНз 
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2 [ 
== + | 
За ИЕ 


identical 


This pathway is preferred because 
the dienophile has electron- 
withdrawing С=О groups that 
make it more reactive. 


О 
О 
no electron-withdrawing groups 
less reactive 
16.54 
COOCH; 


а. 2—22 + HC=C-COOCH, 


COOCH 
27 А - 
си O 
diene dienophile D 


CO;CHs 
^ CO,CH 
b. С» + CH,0,C-C=C—CO,CH, 2H / aung 


diene dienophile CO,CHs 
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OCH, 


CHO 


1,3-disubstituted product 
minor 


The major product is formed when the circled 
carbons with a 6" and ô react. 


16.55 
OCH, 
CHO 
бен. + Fen 
2“ осн, rog 1,2-disubstituted product 
Е | OF major 
| E 
Ра ~ die rd 
ae OCH3 Ò A 


resonance hybrids: 


For the 1,2-product, carbons with unlike charges would react. 
This is favored because the electron-rich and the electron- 


16.56 


16.57 


S'OCH, 


poor C's can bond. 


COOH 


; ( ^ 


COOH 


eb 


These are the only two double bonds that are 
conjugated and have the s-cis conformation 
needed for a Diels-Alder reaction. 


CI CI CI 


CI aldrin 


6'осна 
AN Or 


8 :0 om 


For the 1,3-product, there are no partial 
charges of opposite sign on reacting 
carbons. This arrangement is less attractive. 


COOH 
COOH 


cl CI 


2 
dieldrin 


This double bond is more electron rich, 
So it is epoxidized more readily. 
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16.58 
In each problem, the synthesis must j A 
begin with the preparation of 2 [75 
cyclopentadiene from dicyclopentadiene. 
dicyclopentadiene cyclopentadiene 
— [1] 080, HO, 
a. / - HO 
^ [2] NaHSO3, H20 
COOCH; COOCHs 
j о mCPBA 
О 
O le / Но (excess) (excess) [1] NaH 
16.59 
P re-draw 
a. КЕ | 
dienophile 


COOCH3 
_ге-агам_ -dra oe 
b. Bw ы ab 
| COOCH; COOCH; 


dienophile 


diene 


16.60 A transannular Diels—Alder reaction forms a tricyclic product from a monocyclic starting 


material. 
| ec 
Y : 
pe о 
© О 
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16.61 


" 
CH,CH-CHCH,OH ———- CH,CH-CHCH,.OH, + Br 


M 


T РА 
CH3sCH=CHCH, + НЊО ——- CH4CH-CHCH;Br 


two resonance 


№ structures + Bri 
4 
CH3CHCH- CH; CH3sCHCH=CH, 
. Br 
+ ‘Br: 
16.62 
а. (СНз),С=СНСН,СН,СН=СН, 4 HCl , . (CH4,C(C)CH;CH;CH;CH-CH; + (CH3);C-CHCH;CH;CHCICHs 
isolated diene major product minor product 
I 
~ Ay = AN 
conjugated diene 1,2-product 1,4-product 
О О T 
== А / O 
>- Q 
О 
О О 
diene dienophile 
2 COOCH; ,,C00€Hs 
á Р > + “2 “сосен, СТ + CX. 


diene trans dienophile 


COOH 
me i | 
COOH ‘COOH 


COOH 
diene cis dienophile 


OX 


conjugated diene 
1,2-product 1 и 


16.63 The mechanism is E1, with formation of a resonance-stabilized carbocation. 


deg eis А s de — de 
i 


Са + А + HÖ + НА 
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16.64 
cı Be 
a. 
27 Š mE did d + а 
1 
loss of H (from p, С) + Cl loss of H (from В» C) + Cl 
conjugated more substituted 
more stable 
major product 
b. Dehydrohalogentaion generally forms the more stable product. In this reaction, loss of H from the В+ 
carbon forms a more stable conjugated diene, so this product is preferred even though it does not 
contain the more substituted С=С. 
16.65 
singlet at 1.42 ppm 
H —_ 
mCPBA о Each Н is а doublet of doublets іп the 5.2—5.4 ppm region. 
2 H 2 н 
isoprene H H 
ГАВ 7 — doublet of doublets at 5.5-5.7 ppm 
two doublets at 2.7—2.9 ppm 
16.66 


1 H: doublet of doublets at 6.0 ppm 
H The IR shows an OH absorption at 


H 3200-3600 ст“. 
dd 20 Ни = 
| H OH 


OH peak at 1.5 ppm 


Each H is a doublet 6 H: singlet at 1.3 ppm 
of doublets in the 
4.9—5.2 ppm region. 


16.67 
Z gis 2/2 PAPA 
isolated diene 2 conjugated bonds 3 conjugated bonds 4 conjugated bonds 
shortest wavelength intermediate intermediate longest wavelength 
1 wavelength wavelength 4 
2 3 
16.68 


The phenol makes ferulic acid an SK С 
antioxidant. Loss of H forms a highly — OH 
stabilized phenoxy radical that inhibits ji The highly conjugated x system 


radical formation during oxidation. | : 
OCH, makes it a sunscreen. 


ferulic acid 
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16.69 
О 
Н 
OQR = ALT 
а 
О Оз cleaves 
ће С=С. О 


Endo product formed. 
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[1] Оз 
[2] (CH3)2S 


H 
О 
Ao 
The Diels-Alder reaction establishes the 
stereochemistry of the four carbons on the six- 
membered ring. All four carbon atoms bonded to the 
six-membered ring are on the same side. 


16.70 
Q О СНз 
“СО Мо CH, 
у ТА = 2 А. + OzC-O 
SS A 
ч М снос H ы 
COOCHs PE COOCH; 
j О 
Diels-Alder B 
reaction loss of CO; 
16.71 
и diene 
13 Diels—Alder Г У 
reaction 
A СО»СН» он 
== A —_ | + ff >СНз 
c СОСН» 
COCH Eo 
E |-- | | _ CO?CHs мо products 
H —С=С-— H 
SURE ss CO2sCHs — Either of these alkenes C16H1604 


becomes the dienophile 
for an intramolecular Diels— 
Alder reaction in a second step. 


279 Diels-Alder 
reaction 


16.72 Retro Diels-Alder reaction forms a conjugated 


diene. Intramolecular Diels—Alder reaction then 


forms N. 
СО»СН» CO?CH; 
У 27 
А | J С NOCH; 
retro ==МОСН» їпїга- 
Diels—Alder molecular 
3 / Diels—Alder | 
HN + reaction N 
M N 


2 
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Chapter 17: Benzene and Aromatic Compounds 
* Comparing aromatic, antiaromatic, and nonaromatic compounds (17.7) 


* Aromatic compound * Acyclic, planar, completely conjugated compound that 
contains 4n + 2 л electrons (и = 0, 1, 2, 3, and so forth). 
• Ап aromatic compound is more stable than a similar acyclic 
compound having the same number of л electrons. 


* Antiaromatic * Acyclic, planar, completely conjugated compound that 
compound contains 4и x electrons (и = 0, 1, 2, 3, and so forth). 
* Anantiaromatic compound is less stable than a similar 
acyclic compound having the same number of л electrons. 


e A compound that is not * А compound that lacks one (or more) of the requirements to 
aromatic be aromatic or antiaromatic. 
+ Properties of aromatic compounds 


e Every carbon has a p orbital to delocalize electron density (17.2). 

e They are unusually stable. AH? for hydrogenation is much less than expected, given the number of 
degrees of unsaturation (17.6). 

* They do not undergo the usual addition reactions of alkenes (17.6). 

* ІН NMR spectra show highly deshielded protons because of ring currents (17.4). 


$ Examples of aromatic compounds with 6 x electrons (17.8) 


о Q 2 v Q 


benzene pyridine pyrrole cyclopentadienyl — tropylium 
anion cation 


$ Examples of compounds that are not aromatic (17.8) 


cem = 
Zo, EE o СУ 
not cyclic not planar not completely 


conjugated 
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Chapter 17: Answers to Problems 


17.1 Move the electrons in the x bonds to draw all major resonance structures. 


gi sí" МОНЬ ог“ СНз)2 Ог МОНЫ o nN (CH3) 
we 


17.2 Look at the hybridization of the atoms involved in each bond. Carbons in a benzene ring are 
surrounded by three groups and are sp? hybridized. 


Csp?-Csp? 
Pal 
al Сар—Сзр | И es бар 
Csp?-H1s Cp-Cp Csp?-Csp? Cp-Cp 


shortest of all 
the indicated bonds 
in (a) and (b) 


17.3 
• То пате а benzene ring with one substituent, name the substituent and add the word benzene. 
* То пате а disubstituted ring, select the correct prefix (ortho = 1,2; meta = 1,3; para = 1,4) and 
alphabetize the substituents. Use a common name if it is a derivative of that monosubstituted 
benzene. 
* Toname a polysubstituted ring, number the ring to give the lowest possible numbers and then 
follow other rules of nomenclature. 


Two groups are 1,3 = meta. 


isopropyl group OH 
1 
~ 2 
a. PhCH(CH3)e c. LA | ~ ^ butyl group 
isopropylbenzene — phenol 


m-butylphenol 


CH3 
1 CH2CH3 = ethyl 1 2 Br — —-2-bromo 
| | |—-toluene (СНз group must be а the "1" position, 
iodo Two groups are 1,4 = para. 5-chloro if the molecule is named as a toluene derivative.) 


p-ethyliodobenzene 2-bromo-5-chlorotoluene 
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174 Work backwards to draw the structures from the names. 


a. isobutylbenzene с. cis-1,2-diphenylcyclohexane e. 4-chloro-1,2-diethylbenzene 
isobutyl © Le 
pom 0 | 


b. o-dichlorobenzene d. m-bromoaniline f. 3-tert-butyl-2-ethyltoluene 


CI о Br 
СТ D 
Cl 


NH, > aniline 


17.5 
CI 
S qr? ot pe Cl 
Cl Cl Cl Cl 
1,2,3-trichlorobenzene 1,2,4-trichlorobenzene 1,3,5-trichlorobenzene 
17.6 


Molecular formula C1 9H;40.: 4 degrees of unsaturation 
IR absorption at 3150-2850 стп“!: sp? and sp? hybridized С-Н bonds 
NMR absorptions (ppm): 

1.4 (triplet, 6 H) " <» à 

4.0 (quartet, 4 H) V / 


6.8 (singlet, 4 H) 


17.7 Count the different types of carbons to determine the number of ^C NMR signals. 
Се Ci 


С 
c ён, " б.б Ge 
E a CI 
Cy C, Сь с, € Сс 


4 types of C's in the benzene ring All C's are different. ; 
6 signals 7 signals „шан 


17.8 Each of the three isomeric trichlorobenzenes exhibits a different number of ^C NMR signals. 


Cl 
Са AE SW. РО — ЧУДИ 
o (5 а! С! Cc. Cl 
„#7 
C4 а ја а! | Ci с! | Са 
Cy Се Cy 


4 signals 6 signals 2 signals 
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17.9 The less stable compound has a larger heat of hydrogenation. 


CY р ‚Сн, 


А B 
benzene ring, more stable по benzene ring, less stable 
smaller AH? larger AH? 


17.10 The protons on sp? hybridized carbons in aromatic hydrocarbons are highly deshielded and 
absorb at 6.5-8 ppm whereas hydrocarbons that are not aromatic show an absorption at 
4.5—6 ppm, typical of protons bonded to the С=С of an alkene. 
H 


H 
' D • 


n not aromatic 
à alkene H's - 4.5-6 ppm 4 2, 
aromatic ring aromatic ring 
H's ~ 6.5-8 ppm H's ~ 6.5-8 ppm 


17.11 To be aromatic, a ring must have 4n + 2 x electrons. 


16ле 20 ле 22 n e 
4n 4n 4n+2 
4(4)=16 4(5) = 20 4(5) + 2 = 22 
antiaromatic antiaromatic aromatic 


17.12. Annulenes have alternating double and single bonds. An odd number of carbon atoms in the ring 
would mean there would be two adjacent single bonds. Therefore an annulene having an odd 
number of carbon atoms cannot exist. 


шы “сз сүз 


17.14 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the ring 
aromatic in calculating 4и + 2. Lone pairs on atoms already part of a multiple bond cannot be 
delocalized in a ring, and so they are never counted in determining aromaticity. 


2 О: ES 
a. (\ b. чу с. Q d. | К 


17.13 


.O. б 
Count one lone pair from О. no lone pair from O With one lone Both N atoms are part of 
4n+2=4(1)+2=6 4n+2=4(1)+2=6 pair from each O a double bond, so the lone 
aromatic aromatic there would be 8 electrons. Pairs cannot be counted: 


If O's are sp? hybridized, the ет Е 


ring is not completely aromatic 
conjugated. 
not aromatic 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 425 


Benzene and Aromatic Compounds 17—5 


17.15 
27 
М 
| quinine N 
(antimalarial drug) ао N is sp? hybridized and the 
lone pair is in an sp? hybrid orbital. 
NNN is sp? hybridized and the lone pair is 
not part of the aromatic ring. 
This means it occupies an sp? hybrid orbital. 
17.16 
a. The five-membered ring is aromatic b. and c. sp? hybridized N 
because it has 6 л electrons, two from AS lone pair in p orbital 
each л bond and two from the М atom sp? hybridized N GE 
that is not part of a double bond. lone pair in p orbital М 3 
F NN МЕ 
N "N/ lone pair in sp? orbital 
sp? hybridized N 
E lone pair in sp? orbital 
sp? hybridized N 
lone pair in sp? orbital 
F sitagliptin 
17.17 


б—08— g.—.9—9 


17.18 Compare the conjugate base of 1,3,5-cycloheptatriene with the conjugate base of 
cyclopentadiene. Remember that the compound with the more stable conjugate base will have a 


lower pK;. 
C) - C) Q y 
H H H H H H 
1,3,5-cycloheptatriene 8 x Electrons make this cyclopentadiene 6 x electrons 
pK, = 39 conjugate base aromatic conjugate base 
especially unstable very stable anion 
(antiaromatic). 
Since the conjugate base is unstable, Since the conjugate base is very stable, the pK, 
the pK, of 1,3,5-cycloheptatriene is high. of cyclopentadiene is much lower. 
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17.19 The compound with the most stable conjugate base is the most acidic. 


7 7 F 


Conjugate bases: > = [> = E. = 


по геѕопапсе 2 геѕопапсе аготаїіс сопјидаїе Базе 
delocalization structures most stable 
most unstable base so The acid is The acid is the 
least acidic acid intermediate in acidity. most acidic. 


Q-@-O-O -@-8 0 


17.21 To be aromatic, the ions must have 4n + 2 x electrons. Ions in (b) and (c) do not have the right 
number of x electrons to be aromatic. 


2 x electrons 10 x electrons 
a D+ 4(0)+2=2 d. 4(2)+2=10 
aromatic aromatic 


17.22 
absorbs at 7.6 ppm The NMR indicates that А is aromatic. The C's of the triple 
I A bond are sp hybridized. Each triple bond has one set of 
electrons in p orbitals that overlap with other p orbitals on 
A = adjacent atoms in the ring. This overlap allows electrons to 
delocalize. Each C of the triple bonds also has a p orbital in 
27 the plane of the ring. The electrons in these р orbitals are 


localized between the C's of the triple bond, and not 
delocalized in the ring. Although A has 24 ле total, only 
18e are delocalized around the ring. 


17.23 In using the inscribed polygon method, always draw the vertex pointing down. 


2 antibonding MOs Ta [> + 
1 bonding МО И 2 x electrons 


All bonding MOs are filled. 
aromatic 
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17.24 Draw the inscribed pentagons with the vertex pointing down. Then draw the molecular orbitals 
(MOs) and add the electrons. 


Cation: Radical: 


4 x electrons 5 x electrons 
Not all bonding MOs are filled. Not all bonding MOs are filled. 
not aromatic not aromatic 


17.25 Coo would exhibit only one "C NMR signal because all the carbons are identical. 


17.26 

a. If the Kekulé description of benzene was accurate, only one product would form in Reaction 
[1], but there would be four (not three) dibromobenzenes (A-D), because adjacent C-C bonds 
are different—one is single and one is double. Thus, compounds A and B would not be 
identical. A has two Br's bonded to the same double bond, but B has two Br's on different 
double bonds. 

b. In the resonance description, only one product would form in Reaction [1], since all C's are 
identical, but only three dibromobenzenes (ortho, meta, and para isomers) are possible. A and 
B are identical because each C-C bond is identical and intermediate in bond length between a 
C-C single and C-C double bond. 


Br Br 
Br Br Br Br. 
O22 oo 
A B C 


17.27 


е 
в г 


propylbenzene isopropylbenzene o-ethyltoluene p-ethyltoluene 


X C хх 


1,2,3-trimethylbenzene m-ethyltoluene 1,2,4-trimethylbenzene 1,3,5-trimethylbenzene 


427 


428 | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 17-8 


17.28 
( 
CgHio: E 
Br Br Br 
CgHgBr: Sus 
| Ж 
hon “сү Вг | > Вг 
pon i Br 
3 isomers 2 isomers 3 isomers 1 isomer 


17.29 To name the compounds use the directions from Answer 17.3. 


cy : Мн„=—— aniline CHCH; CH;CH5CHs 
a. . А 


9 
СІ 
sec-butylbenzene O-chloroaniline CH(CH3)z 
B 1-ethyl-3-isopropyl-5-propylbenzene 
с! Ang 
| Br 
b. е. SS Br h. CX 
CHCH; NH, |«—aniline | em 
m-chloroethylbenzene 2,3-dibromoaniline cis-1-bromo-2-phenylcyclohexane 
H НС! i 
3 Z^. ANO? 
т | 
toluene мод“ ~ |-——phenol (OH at C1) 


ротова 2,5-dinitrophenol 
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17.30 
a. p-dichlorobenzene d. o-bromonitrobenzene 9. 2-phenyl-2-propen-1-ol 
E CC | 
с! NO; 
b. m-chlorophenol e. 2,6-dimethoxytoluene h. trans-1-benzy|-3-phenylcyclopentane 
СНз CX 
OH OCH, ` ( ) 
. " or 
c. p-iodoaniline f. 2-phenyl-1-butene 
wr LOK 
2N 
17.31 


a. constitutional isomers of molecular formula CgHgCl, and b. names of the trisubstituted benzenes 


O^ о“ се ОСС 


stereoisomers 
for this isomer 


o~ 
v E Бе 


2-chloro-1,3-dimethylbenzene 1-chloro-2,3-dimethylbenzene 4-chloro-1,2-dimethylbenzene 
CI 
CI ‚ 
С! 
1-chloro-2,4-dimethylbenzene 1-chloro-3,5-dimethylbenzene 2-chloro-1,4-dimethylbenzene 


C. Stereoisomers 


O^ c 


17.32 Count the electrons in the x bonds. Each x bond holds two electrons. 


10 x electrons 7 x electrons 10 x electrons 14 x electrons 12 x electrons 


el 
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17.33 То be aromatic, the compounds must be cyclic, planar, completely conjugated, and have 4n + 2 x 


electrons. 


Circled C's are not 5р2. 


a: not completely conjugated 
not aromatic 
1 14 л electrons in outer ring 
b. aromatic 
с. 4 benzene rings 
joined together 


aromatic 


* Circled C is not sp?. 


d. | €) not completely conjugated 
not aromatic 
12 x electrons 
e does not have 4n + 2 


л electrons 
not aromatic 


12 x electrons 
does not have 4n +2 
л electrons 
not aromatic 


109 


17.34 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the ring 
aromatic in calculating 4и +2. Lone pairs on atoms already part of a multiple bond cannot be 
delocalized in a ring, and so they are never counted in determining aromaticity. 


О; 
6 x electrons a . 
counting a lone pair from S not aromatic 
4(1) 22-6 
aromatic 


d 


| O coe 


6 x electrons 
counting the lone 
pair from N 
4(1)+2=6 
aromatic 


not aromatic 


Count 
|. these 2e. 


KON 
f. | | h. фа „N: 
$ N These lone 


6 x electrons 10 x electrons 6 x electrons, 10 x electrons а em 
counting a lone pair from O 4(2)+2=10 counting a lone pair from О 4(2) + 2 = 10 bended N 
4(1)+2=6 aromatic 4(1)+2=6 aromatic atoms. so they 
aromatic aromatic can't be 
counted. 


17.35 


SQ Circled C's are 
a. not 5р2. 
not aromatic 


10 x electrons 
/ in 10-membered ring 
4(2) + 2 = 10 
агота с 


Circled C is 
not 5р7. 


not aromatic 


a A 


4 x electrons 
4(1) 24 
antiaromatic 
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17.36 


6 x electrons 6 x electrons 
in this ring in this ring 


| / 
Oa- 


A resonance structure can be drawn for A that places a negative charge in the five-membered 
ring and a positive charge in the seven-membered ring. This resonance structure shows that each 
ring has 6 л electrons, making it aromatic. The molecule possesses a dipole such that the seven- 
membered ring is electron deficient and the five-membered ring is electron rich. 


17.37 Each compound is completely conjugated. A compound with 4n + 2 x electrons is especially 
stable, while a compound with 4n л electrons is especially unstable. 


pentalene azulene heptalene 
8 x electrons 10 x electrons 12 x electrons 
4(2) = 8 4(2) + 2 = 10 6(2) = 12 
antiaromatic aromatic antiaromatic 
unstable very stable unstable 


17.38 Benzene has С-С bonds of equal length, intermediate between a C-C double and single bond. 
Cyclooctatetraene is not planar and not aromatic so its double bonds are localized. 


cyclooctatetraene 
aa p 
C b С) а d<a=b<c 
6 x electrons: aromatic not aromatic 
all bonds of equal length longer single bond 
intermediate localized double bond: shorter 
17.39 
a. Each М atom is sp^ hybridized 
CX > ? sp? hybridized but b. The three unlabeled N atoms are sp? hybridized with 
i» 7 with lone pair in p orbital lone pairs in one of the sp^ hybrid orbitals. The 
purine labeled N has its lone pair in a p orbital. 


c. 10 x electrons 


d. Purine is cyclic, planar, completely conjugated, and 
has 10 x electrons [4(2) + 2] so it is aromatic. 


| 
| 
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17.40 

a. 16 total л electrons 

b. 14 x electrons delocalized in the ring. [Note: Two of the electrons in the 
triple bond are localized between two C's, perpendicular to the л 
electrons delocalized in the ring. ] 

с. By having two of the p orbitals of the C-C triple bond co-planar with the 
p orbitals of all the C=C's, the total number of л electrons delocalized in 
the ring is 14. 4(3) + 2 = 14, so the ring is aromatic. 


о | 


17.41 The rate of an Syl reaction increases with increasing stability of the intermediate carbocation. 


Increasing reactivity 


The aromatic carbocation is 
D > delocalized over the whole ring, 
making it a very stable intermediate 


4 x electrons б Galactose and most easily formed іп ап Sy1 
2? carbocation ; 
antiaromatic aromatic 2001. 
very unstable intermediate very stable intermediate 
OA AHLGLSLAALEÉCLIALLULLULLALUL'LLTIE!LLLLBLBLLL.ULLLLGLLLLLLAAAEÁLLUILLULUELLA&SA AX" 5L 


Increasing stability 


17.42 


Two additional resonance 
structures are not drawn. 


62: - Су 
C н бн 
17.43 a-Pyrone reacts like benzene because it is aromatic. A second resonance structure can be drawn 


showing how the ring has six x electrons. Thus, а-ругопе undergoes reactions characteristic of 
aromatic compounds—that is, substitution rather than addition. 


2 27 
Pa 2 | MEL wer Anant | 
OD O : СО 


а-ругопе 6 x electrons 
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17.44 
A—A— А. 


cyclopropenyl 


b. ЏИ — dd e Ae = a —€ Ce — -— 


| rt 
H 
pyrrole 
phenanthrene 
17.45 
Naphthalene can be drawn as three resonance structures: 
a a 
J ) OQ J ) 
EI — Обь — Co» 
In two of the resonance structures bond (a) is a double bond, and 
bond (b) is a single bond. Therefore, bond (b) has more single 
bond character, making it longer. 
17.46 
m: AN 
ГУ qf ang ЧА [№ (S 
a œ~ m 2 T 
Ñ Ж № апа "s x 4 WA 
H H н н 


pyrrole 


Pyrrole is less resonance stabilized than benzene 
because four of the resonance structures have 
charges, making them less good. 


Г: __ 
"pe a. du NEAN i > Су. 
: L 2 = and ~ 5 
Q O+ O+ On 
furan `” E 
Furan is less resonance stabilized than pyrrole because its O atom is 
less basic, so it donates electron density less "willingly." Thus, 
charge-separated resonance forms are more minor contributors to 
the hybrid than the charge-separated resonance forms of pyrrole. 
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17.47 The compound with the more stable conjugate base is the stronger acid. Draw and compare the 


conjugate bases of each pair of compounds. 
conjugate bases 


a. Zw. or [3 — ATS or (5 


but пої aromatic ^ more stable conjugate base 
Its acid is more acidic. 


b. [S or PAS — lD " A 


more acidic 6 x electrons, aromatic antiaromatic 
more stable conjugate base highly destabilized 
Its acid is more acidic. conjugate base 
17.48 


indene Na* 


O13, - 8 – 05-4 -ED - CI» 
| 
CR — CI — ә = = Gc. 


The conjugate base of indene has 10 x electrons making it aromatic 
and very stable. Therefore, indene is more acidic than many hydrocarbons. 


17.49 
Ha Ha 
H m Hp = Н, т He pi 
b — CH; сна Cha 
CH3 
A в M Ha 
Hp is most acidic because its Не is least acidic because its 
conjugate base is aromatic (6 x electrons). conjugate base has 8 л electrons, 
making it antiaromatic. 

17.50 


| \ conjugate base | \ Both pyrrole and the conjugate base of pyrrole have 6 x 
pyrrole N electrons in the ring, making them both aromatic. Thus, 


| deprotonation of pyrrole does not result in a дат of aromaticity 
H since the starting material is aromatic to begin with. 


cyclopentadiene conjugate base Cyclopentadiene is not aromatic, but the conjugate base has 6 x 
А electrons and is therefore aromatic. This makes the C-H bond in 


cyclopentadiene more acidic than the М-Н bond in pyrrole, since 


more acidic——- T 
H deprotonation of cyclopentadiene forms an aromatic conjugate base. 


H 
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17.51 
HH HH HH 
oe C2 . 
H+ CN—H STN—H ~ " :N—H Protonation at C2 forms conjugate acid A 
a = ај | Yr | ) = because the positive charge can be 
М-Н А Е delocalized by resonance. There is no 


resonance stabilization of the positive 


pyrrole аз Зе charge in B. 


b H H 

" Loss of a proton from A (which is not aromatic) # x Both C and its conjugate base pyridine are 
| N—H gives two electrons to N, and forms pyrrole, + М-Н aromatic. Since C has six x electrons, it is 
/ which has six x electrons that can then E already aromatic to begin with, so there is less to 
A delocalize in the five-membered ring, making it PK,=5.2 ре gained by deprotonation, and C is thus less 
К =04 aromatic. This makes deprotonation a highly C acidic than A. 
pace favorable process, and A more acidic. 
17.52 
a. 


—M 3 antibonding MOs 2K N 
TN + 2 nonbonding MOs 
AP 3 bonding MOs cyclooctatetraene dianion of 


А looctatetraen 
cyclooctatetraene and its 8 x electrons ЕЕ 


b. Even if cyclooctatetraene were flat, it has two unpaired electrons in its HOMOs (nonbonding 
MOs) so it cannot be aromatic. 

c. The dianion has 10 л electrons. 

d. The two additional electrons fill the nonbonding MOs; that is, all the bonding and nonbonding 
MOs are filled with electrons in the dianion. 

e. The dianion is aromatic since its HOMOs are completely filled, and it has no electrons in 


antibonding MOs. 
17.53 
ү —/ v 4 antibonding MOs — 7 - 4 antibonding MO 
(_____ dae 4а | і Nm _ 4 antibonding 5 
Н = + 4 m 
+ == 5 bonding MOs = —+ 5 bonding MOs 
cyclononatetraenyl cyclononatetraenyl cyclononatetraenyl 
cation radical anion 
8 x electrons 9 x electrons 10 x electrons 
antiaromatic not aromatic aromatic 


All bonding MOs are filled. 
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17.54 The number of different types of C's = the number of signals. 


з „1 СНз 2.2 то 
4 2 СН; 1 SAI 1 35371 
GU Gg e 1666 
5 3 1 1 1 

4 CH2CH3 2 з 2 2 34 3 2 
5 different C's all unique 


3 different C's 4 different C's 
9 different C's 


17.55 Draw the three isomers and count the different types of carbons in each. Then match the 
structures with the data. 


4 2 


5 З 1 6 4 4 1 
СКА rs ec 
5 3 1 1 1 2 
4^? 53435 144 
ortho isomer meta isomer para isomer 
5 types of C 6 types of C 4 types of C 
5 lines in spectrum 6 lines in spectrum 4 lines in spectrum 
Spectrum [B] Spectrum [A] Spectrum [C] 


17.56 


а. СН: IR absorptions at 3150-2850 (sp? and sp? hybridized С-Н), 1600, and 1500 (due to a 
benzene ring) ст ' 


'H NMR data: 

Absorption ppm # of H's Explanation 

doublet 1.2 6 6 H's adjacent to 1 H Posi 

singlet 2.3 3 CH, (СНз)2СН group 
septet 3.] 1 1 H adjacent to 6 H’s — 

multiplet 7—7.4 4 


а disubstituted benzene ring 


You can't tell from these data where the two groups are on the benzene ring. They are not 


para, since the para arrangement usually gives two sets of distinct peaks (resembling two 
doublets) so there are two possible structures—ortho and meta isomers. 


b. СНь: "C NMR signals at 21, 127, and 138 ppm — means three different types of C's. 


ТИ NMR shows 2 types of H’s: 9 H's probably means 3 СН; groups; the other 3 H’s are very 
deshielded so they are bonded to a benzene ring. 


Only one possible structure fits: 


17,57 


17.58 
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c. С.Н: IR absorptions at 3108—2875 (sp? and sp? hybridized С-Н), 1606, and 1496 (due to a 


benzene ring) ст 


Structure: 


'H NMR data: 
Absorption ppm 7ZofH's Explanation 
triplet 1.3 3 3 H’s adjacent to 2 H’s 
quartet 2.7 2 2 H’s adjacent to 3 H’s 
multiplet 7.3 5 a monosubstituted benzene ring 


a. Compound A: Molecular formula CgH;90 


IR absorption at 3150-2850 (sp? and sp? hybridized С-Н) cm” 


Structure: 


'H NMR data: 
Absorption ppm # of H’s Explanation 
triplet 1.4 3 3 H’s adjacent to 2 H’s 
quartet 3.95 2 2 H’s adjacent to 3 H’s 
multiplet 6.8—7.3 5 a monosubstituted benzene ring 


b. Compound B: Molecular formula СоН 100» 


IR absorption at 1669 (C=O) cm"! 


'H NMR data: 
Absorption ppm  £ofH's Explanation 
singlet 2.5 3 CH, group 
singlet 3.8 3 CH, group 
doublet 6.9 2 2 H's on a benzene ring 
doublet 7.9 p 2 H’s on a benzene ring 


3 equivalent H's 
singlet at -2.3 ppm 
СНз * 8 other H's on benzene ring 
$ H H й (arrows with *) 
at ~6.9 ppm 
thymol 
"Н OH 
H 1H 


CH, ‘Сн; septet at ~3.2 ppm 


6 equivalent H's 
doublet at ~1.2 ppm 


Structure: 


О 
4 
CH3 
O 
// 
о» )-4 
OCHs 


It would be hard to distinguish 
these two compounds with 
the given data. 


IR absorptions: 

3500-3200 стг! (O-H) 

3150-2850 ст“! (С-Н bonds) 

1621 and 1585 cm“! (benzene ring) 
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X 
Thymol must have this basic structure given the NMR and IR data 
since it is a trisubstituted benzene ring with one singlet and two 
Y doublets in the NMR at ~6.9 ppm. However, which group [OH, CH;, 
2 ог CH(CH3);] corresponds to X, Y, and 2 is not readily distinguished 
basic structure of with the given data. The correct structure for thymol is given. 
thymol 
17.59 
The induced magnetic field by the circulating x electrons 
opposes the applied field in this vicinity, shifting the absorption upfield to 
a lower chemical shift than other sp? С-Н protons. 
In this case the protons absorb upfield from TMS, an unusual 
phenomenon for С-Н protons. 
| Induced magnetic field 
Е = —0.6 ppm 
2.84 ppm —-H d <> (upfield from TMS) 
By | Induced magnetic field 
The induced magnetic field by the circulating x electrons 
reinforces the applied field in this vicinity, shifting the absorption 
downfield to a somewhat higher chemical shift. 
17.60 
C Co C3 
| | | C4 13С NMR has four lines that are located in the aromatic region 
он; \, / О (-110-155 ppm), corresponding to the four different types of 
м OH carbons in the aromatic ring of the para isomer. The ortho and 
CH; OCH2CH3 meta isomers have six different C's, and so six lines would be 
| | expected for each of them. 
С; C5 
17.61 
JAS 
о о О О 
Su | O77 
* = | 
HO OH HO sp? OH 
OCH; curcumin OCH, осн, keto form OCH, 


The enol form is more stable because the enol 
double bond makes a highly conjugated 
system. The enol OH can also intramolecularly 
hydrogen bond to the nearby carbonyl O atom. 
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о о 
EN Zo 
me = 
НО ОН НО 
ОСН; ОСН; 
The enol O-H proton is more acidic than ап aN 22 
alcohol О-Н proton because the conjugate 
base is resonance stabilized. HO он 


OCH; OCH; 
c. Curcumin is colored because it has many conjugated x electrons, which shift absorption of light 
from the UV to the visible region. 


d. Curcumin is an antioxidant because it contains a phenol. Homolytic cleavage affords a 
resonance-stabilized phenoxy radical, which can inhibit oxidation from occurring, much like 
vitamin E and BHT in Chapter 15. 


Avr БК Бе. 
<> —- == (+ other resonance structures) 
О О о О Н 


phenoxy radical 
Resonance delocalizes the radical on the ring and C chain of curcumin. 


17.62 
a. Pyrazole rings are aromatic because they have 6 л electrons—two from the lone pair on the 
N atom that is not part of the double bond, and four from the double bonds. 
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17.63 


17.64 


d. The N atom in the NH bond in the pyrazole ring is sp? hybridized with 33% s-character, 
increasing the acidity of the М-Н bond. The М-Н bond of CH3NH» contains an sp 
hybridized N atom. 


A second resonance structure for A shows that the ring is completely conjugated and has 6 x 
electrons, making it aromatic and especially stable. A similar charge-separated resonance 
structure for B makes the ring completely conjugated, but gives the ring 4 x electrons, making it 
antiaromatic and especially unstable. 


A 6 x electrons B 4 л electrons 
aromatic antiaromatic 
stable not stable 


The conversion of carvone to carvacrol involves acid-catalyzed isomerization of two double 
bonds and tautomerization of a ketone to an enol tautomer. In this case the enol form is part of 
an aromatic phenol. Each isomerization of a C=C involves Markovnikov addition of a proton, 
followed by deprotonation. 
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О © © © © тај 
——— LM =y 
: HSO AD: A Hso,/ НҒ 
XAN A H—OSO3H 
SS н-озоун TUM И 
(R)-carvone | 
oe T 
ÖH COH 
H5SO, + > 
Н 
HSO4- 


carvacrol 


17.65 Resonance structures for triphenylene: 


E C) ( ) C) © 

CL — CO - OC CLL - OO 
a = — i 

Q Q Q О ~C 

A B С D E ый 


2 PES ~ md 
Pr ee ES 2 е 
Sec eee о % 

в d н | a uj A 


Resonance structures A-H all keep three double and three single bonds in the three six-membered rings 
on the periphery of the molecule. This means that each ring behaves like an isolated benzene ring 
undergoing substitution rather than addition because the л electron density is delocalized within each 
six-membered ring. Only resonance structure I does not have this form. Each C-C bond of 
triphenylene has four (or five) resonance structures in which it is a single bond and four (or five) 
resonance structures in which it is a double bond. 


Resonance structures for phenanthrene: 
A B С D E 


With phenanthrene, however, four of the five resonance structures keep a double bond at the labeled 
C's. (Only С does not.) This means that these two C's have more double bond character than other 
C-C bonds in phenanthrene, making them more susceptible to addition rather than substitution. 
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17.66 


The negative charge and 
increased electron density make 
the carbon more shielded and 
shift the absorption upfield. 


emistry, 3rd Edition 


The positive charge and 
decreased electron density make 
the carbon deshielded and shift 
the absorption downfield. 
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Chapter 18: Electrophilic Aromatic Substitution 


* Mechanism of electrophilic aromatic substitution (18.2) 


443 


e Electrophilic aromatic substitution follows a two-step mechanism. Reaction of the aromatic ring 


with an electrophile forms a carbocation, and loss of a proton regenerates the aromatic ring. 

* The first step is rate-determining. 

* The intermediate carbocation is stabilized by resonance; a minimum of three resonance structures 
can be drawn. The positive charge is always located ortho or para to the new C—E bond. 


H H H 
De (ee Ор 
(+) ortho to E 


(*) ortho to E) (+) para to E ) 


+ Three rules describing the reactivity and directing effects of common substituents (18.7—18.9) 


[1] All ortho, para directors except the halogens activate the benzene ring. 
[2] All meta directors deactivate the benzene ring. 
[3] The halogens deactivate the benzene ring. 


+ Summary of substituent effects in electrophilic aromatic substitution (18.6—18.9) 


Substituent Inductive effect es "m Reactivity Directing effect 
[1] donating none activating ortho, para 

А = alkyl 

=) 

[2] Q withdrawing donating activating ortho, para 

Z=NorO 
[3] © withdrawing donating deactivating ortho, para 

X = halogen 

Y (6*or +) . . : " . с 

[4] С withdrawing withdrawing deactivating meta 
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+ Five examples of electrophilic aromatic substitution 
[1] Halogenation-Replacement of H by Cl or Br (18.3) 


H CI Br 
CY | «cx 
Рехз 


[X = сі, ви | aryl chloride aryl bromide 


e  Polyhalogenation occurs on 
benzene rings substituted by 
OH and NH» (and related 
substituents) (18.104). 


or 


[2] Nitration-Replacement of H by NO; (18.4) 


nitro compound 


H H 
50, 803 
HS0, 


benzenesulfonic 
acid 


[4] Friedel-Crafts alkylation-Replacement of H by R (18.5) 


e Rearrangements can occur. 

e Vinyl halides and aryl halides are unreactive. 

• Тһе reaction does not occur on benzene rings 

alkyl benzene substituted by meta deactivating groups or NH2 
(erene) groups (18.10В). 

e Polyalkylation can occur. 


[1] with alcohols CY = CY 
H5S0, 


H 
[2] with alkenes PEE En cy 
HS0, 
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[5] Friedel-Crafts acylation- Replacement of Н by RCO (18.5) 


О 
H RCOCI c * The reaction does not occur on benzene rings 
CY “AIC ^ CY substituted by meta deactivating groups or 
NH» groups (18.10B). 
ketone 


* Other reactions of benzene derivatives 
[1] Benzylic halogenation (18.13) 


Bro 


R Ру огА 
or 
NBS 


ћу or ВООВ | benzylic bromide 


[2] Oxidation of alkyl benzenes (18.14A) 


on R КМ0, 


* A benzylic C-H bond is needed for reaction. 


benzoic acid 


[3] Reduction of ketones to alkyl benzenes (18.14B) 


О 
n 


Ся но, НСІ R 
СУ or 


NENAS OM alkyl benzene 


[4] Reduction of nitro groups to amino groups (18.14C) 
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Chapter 18: Answers to Problems 


18.1 


18.2 


18.3 


18.4 


The л electrons of benzene are delocalized over the six atoms of the ring, increasing benzene’s 


stability and making them less available for electron donation. With an alkene, the 


two л 


electrons are localized between the two C's making them more nucleophilic and thus more 


reactive with an electrophile than the delocalized electrons in benzene. 


(H^ CN 


oO GA Cup 


Reaction with Cl? and FeCl; as the catalyst occurs in two parts. First is the formation of an 


electrophile, followed by a two-step substitution reaction. 
+ = 
1] :ci-ck + Fec = :С—б-ЕебЬ 
Lewis base Lewis acid electrophile 


H М H H H 
xw Was = CI CI Cl 
[2] ^_^ :CkzCI-FeCls бў sce JD -0 + FeCl, 


resonance-stabilized carbocation 


N 


H” OÀ FeCl а! 
cl ™ 
[3] Cy CY + HCl + FeCl, 


There are two parts in the mechanism. The first part is formation of an electrophile 
part is a two-step substitution reaction. 


2 


Her Her 
ПП. $c нон — .,8.. | -[*So| + нзог 
:07 “о: #07 € ^O—H | 
У electrophile 

H H H H 

[2] JONES E t о PS JOB 

R R R R 

es resonance-stabilized carbocation 


HSO,- 


H 
: SOH SO3H 
i3 LY ‚оно, 
R R 
B 


. The second 
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18.5 Friedel-Crafts alkylation results in the transfer of an alkyl group from a halogen to a benzene 
ring. In Friedel-Crafts acylation an acyl group is transferred from a halogen to a benzene ring. 


ү 
А © +  (CHs)sCHCI o O 
Tn C C њен 
Pind 2 3 
с. O + СНСН “С! NCR СУ 
с! 
JOE CT АСВ 


18.6 Remember that an acyl group is transferred from a Cl atom to a benzene ring. To draw the acid 
chloride, substitute a Cl for the benzene ring. 


| о д ? 

C = pow bie 
a. or SCH»CH»CH(CHs)> CI^^CH,CH;CH(CHg, C- Cy G E Cr е 

Йй " 

C „С 


+ 


[1] CHCHa-ÖI + “AIC,  ——- — CHsCHz-CI- AlCls 


electrophile 
H H H 
[2] ix COS __ CHCH CH2CH3 
mS Alc] С” Бата 
resonance-stabilized carbocation + АС 


[3] CH,CH; :CI— АСВ CHCH; 
+ HCI + АС 


18.8 To be reactive in a Friedel-Crafts alkylation reaction, the X must be bonded to an sp? hybridized 
carbon atom. 


Br Br СК Oth 
a. OR b. on с. b d. р 


unreactive reactive unreactive reactive 


18.9 The product has an “unexpected” carbon skeleton, so rearrangement must have occurred. 


H H 
ОН» ^ АСВ CHs + .  12.Hshift енә 
[1] сн; с сњ-@ї: = CH4-C—CH;;CI-AlCI; СНз-С—СНз 
у oe > 


+ АС 
Rearrangement 
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H H H H 
[2] —— C(CHs)3 С(СНз)з С(СНз)з 
С(СНз)з 


И в 
С(СНз)з 
СТ + HCl + АСЫ 


B :б2-АСЬ 
[3] Cg ee 


18.10 Rearrangements do not occur with acylium ions formed in a Friedel-Craft acylation because the 
acylium ion is resonance stabilized. 


A T 
R-C=0: - ~ в-С=О: 


18.11 Both alkenes and alcohols can form carbocations for Friedel-Crafts alkylation reactions. 


O: O ™O0 Oo m O^ 
C(CH3)s OH 
HSO 
‚© omen о оно OO 


18.12 
CLAI-. 056 
/ \ 
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18.13 In parts (b) and (c), a 1,2-shift occurs to afford a rearrangement product. 


о о 
Oy 


OH 
18.14 
а. —CH,CH,CH,CHs b. —Br €. -OCH;CHs; 
alkyl group halide electronegative O 
electron donating electron withdrawing electron withdrawing 


18.15 Electron-donating groups place a negative charge in the benzene ring. Draw the resonance 
structures to show how —OCH; puts a negative charge in the ring. Electron-withdrawing groups 
place a positive charge in the benzene ring. Draw the resonance structures to show how 
—COCH; puts a positive charge in the ring. 


о aj 
b СН; +~CHs =” ^CHs4 2 ^CHs 
— a DEN 
T o2 | 


18.16 To classify each substituent, look at the atom bonded directly to the benzene ring. All R groups 
and Z groups (except halogens) are electron donating. All groups with a positive charge, 8", ог 
halogens are electron withdrawing. 


CT | cr : or 


lone pair on O halogen R group 
electron donating electron withdrawing X electron donating 


m 
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18.17 First classify the substituents in the starting material as: ortho, para activating, ortho, para 
deactivating, or meta deactivating. Then draw the products. 


CH2CH3 
a. ВЕ FIGURE ac + сњењ— осн, 
| АС 
lone pair оп О ortho product para product 
о,р activating 
NO; 
HNO 
b. (= 3 Би ON f. N Br 
| H5SO, M 
halogen ortho product para product 
о,р deactivating 
CI 
Cl 
Ов On 
| FeCl 
meta deactivating meta product 


18.18 Electron-donating groups make the compound react faster than benzene in electrophilic 


aromatic substitution. Electron-withdrawing groups make the compound react more slowly 
than benzene in electrophilic aromatic substitution. 


т 
с 
& СУ CH, 


electron withdrawing 
reacts slower 


CN 
C 


electron withdrawing 
reacts slower 


OH 
^ — 


lone pairs on O 
electron donating 
reacts faster 


halogen * 


0 
N С. 
тү Сн; 
electron withdrawing Cl 
oN CN reacts slower 
© | 
ОН 
CL + 
МО; ON 


О; 
О 


CHCH; CHCH; 
е. 


В group + 


en electron donating CHCH} 
reacts faster D 
? ON 


2 


18.19 Electron-donating groups make the compound more reactive than benzene in electrophilic 


aromatic substitution. Electron-withdrawing groups make the compound less reactive than 
benzene in electrophilic aromatic substitution. 


+ 
С(СНа)з ОН СООСЊСНа М(СНа)з 
(QUU QC То дин то 
ОН 


В group two OH's C with 2 electronegative O's electron withdrawing 
electron donating electron donating electron withdrawing less reactive 
more reactive more reactive less reactive 
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18.20 
с! OCH, NO; СНз 
„С 0O С, с б Q 
halogen lone pairs on O R group 
electron withdrawing intermediate electron donating electron withdrawing intermediate electron donating 
least reactive reactivity most reactive least reactive reactivity most reactive 


18.21 Especially stable resonance structures have all atoms with an octet. Carbocations with additional 
electron donor R groups are also more stable structures. Especially unstable resonance structures 
have adjacent like charges. 


CI -Oh (СНз)з C(CH3)s + C(CH3)s 
a. 


* NO; 


OH 
б, 
+ №, 


ums mo Me additional R group 
stabilized carbocation 


.. .. + 
" OH бн OH 
CE — CE — CE 
NO; NO; NO; 
especially stable 
All atoms have an octet. 


OH 
Toy 
<z 


(0: ue 
CHO + Cy tC. 
H + H 
C. 
PME - Өр CL СС 
+ МО» МО» МО» 


especially unstable 
2 adjacent (4) charges 


CI 
E 


especially good preferred 


Cl 
ortho Me Е* 
attack REN 
All atoms have an octet. product 


с! с! Cl а! а! 
Е+ 
тета a 2 go fie 
attack e З ex Е A à a 
H E E E E 


18.22 
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ES t т 
рага 
attack = 
" H E H E H E H E E 
E* 
especially good preferred 
All atoms have an octet. product 


18.23 Polyhalogenation occurs with highly activated benzene rings containing OH, NH», and related 
groups with a catalyst. 


OH OH OH OH OH CH 
o, € cl а. ci ch 
FeCl, b. + © Рес 
а! а! 


18.24 Friedel-Crafts reactions do not occur with strongly deactivating substituents including МО», or 
with МН», МВ», or NHR groups. 


CH,Cl " 
a. { зон — $". no reaction A € мен CHCI по Friedel-Crafts 
AlCl, i 


| АС reaction 
strongly deactivating 
СНз 
CHCl 
_CH,CI Cl + (| мнсосн, DAMM PE NHCOCH 
АСВ + 


Ua is an o,p 


director. сн,—(— У -NHCOCH, 


18.25 To draw the product of reaction with these disubstituted benzene derivatives and HNO3, H2SO4 
remember: 


* Ifthe two directing effects reinforce each other, the new substituent will be on the position 
reinforced by both. 

If the directing effects oppose each other, the stronger activator wins. 

• No substitution occurs between two meta substituents. 
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o,p 
И 

OCH3 OCH3 CH; 

HNO3 NO? NO 2 НМОз ON МО» 

а. C. 
Н,504 | H5SO, t 
meta 

COOCH, COOCH, 


NO; 


meta 
„сор (strong) 


| 
OCH; Du im P |“ 
Br — HNO; Hno, 2" 
b. | d. à 
H5SO, Br Н,504 Вг Вг 


о,р 
орроѕе | NO; 
products due to о,р 


ОСН. directing effects 


18.26 


O SO3, H»SO, ol Cl, есь С, С CH,Cl, АСВ 
а. м— 
| $ОзН SO3H 


Put meta director on first. 


‚Су 9m Суф me O4 
АС СНз СНз 


ОМ 
18.27 This reaction proceeds via a radical bromination mechanism and two radicals are possible: А (2° 
and benzylic) and B (1°). Since B (which leads to C;H;CH;CH,Br) is much less stable, this 
radical is not formed so only C;H;CH(Br)CH, is formed as product. 


CH;CHs CHCH; CH;CH 
с — С «0 
А B 


2? and benzylic 


1? 
| | 
б .CHCHs CY 7 


only product not formed 


(+ е: isomer) Br goes re to 
the stronger activator. 
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18.28 Radical substitution occurs at the carbon adjacent to the benzene ring (at the benzylic 
position). 


CH(CH3)o Br, CH(CH3)z CH(CH3)z 
Cy FeBr3 og Ој 


conditions for electrophilic 


aromatic substitution CH(CHs3)2 СН(СНа)2 
СІ à 
jl S: FeCl 
СН(СНз)2 5 С(СНз)> У Cl 
Г. 
Cy nmi СУ conditions for electrophilic CH(CH3)2 
aromatic substitution 
CI 


conditions for radical 
substitution 


Bro 


B 
с Br; K* -OC(CHs)3 p 
РеВгз 
Br 
(* para x 
Br 


NaOH "A 


Br 
Bre K* -OC(CH3)s “ mCPBA 
hv 
4 СУ“ [1] ВНз 
| [2] НО», НО“ 


18.30 First use an acylation reaction, and then reduce the carbonyl group to form the alkyl benzenes. 


i о 


C 
ms e Zn(Hg) + НСІ CH2CH2CH2CH;CH 
a. © си "CH, CH,CH,CHs CY CH;CH;CH;CHs (нф + HOI or 2CH2CH2CH2CH3 
АС 


О 
n j 


b © or ^ oa. Cc Zn(Hg) + на! or 
АС 


18.31 
Avs о О 
O [e Zn(Hg) LO rar 
АС АС» 


О p-isobutylacetophenone 
(+ ortho isomer) 
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18.32 When iem = CH; in СёН5СН.Б, the product can be made by two different Friedel-Crafts reactions. 


О 
ONT Oo С=О 
АСЗ AICI, 
18.33 
А ~ СЊС! СНз KMnO, COOH 
OMA АС 
AN 


но, NO; " мн; 
Qu E wu 

| < сна Сн в, СНз кмпо, COOH 
T. АС СУ ҒеВгз og og 


(+ para isomer) 


18.34 
о СНз. 20 CHa. 40 
pon 
P © CICH,CHs ссн» SO; 
AICI AICI H SO 
з и 224 HOS 
CH2CH3 CH2CH3 СН;СНа 


(+ ortho isomer) 
Br-— o,p director 


Br 
о,р director 2С "C 
b. | © g LU. Zn(Hg) 
CH;CH; МС -CH3 ЕеВгз c rs HCI CHCH 
Both are o,p directors, but they are meta to each 6 imis 
other. The alkyl group must be obtained by 
reduction of a carbonyl. 
Br 
Cb. .CH&CH;CI _ K* OC(CH3)s 
“FeCl: с АС! 
(+ ои isomer) [1] BHs 
[2] H203, "ОН 


TJI ге 
СІ СІ 
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18.35 OH is an ortho, para director. 


OH OH 
HNO, NOS 
a. 4 
H5SO, 
OH OH 
SO 
SO 3 
OO 
H5SO, 
OH OH 
С CH,CH,C! 
с. + 
АС 
OH OH O 
d С (СНАСН;)„СНСОС! 
АС 


2 


C. 


079 Н(СН»СНз)> 


OH 


r 
Br, Су” 
f. T 


OH 
Bro Br Br 
е. и 
РеВгз 
OH OH B 


Br 


OH 


OH 
СБ а! cl 
FeCl 
Cl 
OH OH 
~ 
| (+ ortho (+ ortho 
Ж isomer) НСІ isomer) 
NO; NH2 
OH OH 
| > (+ ortho Zn(Hg) (+ ortho 
2 isomer) HCI isomer) 


CHCH(CH2CH3)2 


= 


С 
O* ^CH(CH;CH3) 


NH5NH; 
(+ ortho 
isomer) он 


OH 


(+ ortho 
isomer) 


CH35CH(CH5CH3)o 


18.36 CN is a meta director that deactivates ue benzene ш. 


СМ 
а. 
ЕеВг. 
Ў Вг 
СМ СМ 
HNO3 
b. 
2504 


Tor 
To 


CH3CH;CH;CI 


OH 
Bro 
(+ ortho (+ ortho 
isomer) hv isomer) 
Br 
OH OH 
KMnO, 
(+ortho 14 
isomer) (+ ortho 
isomer) 
O^ ^он 
HSO, BE CN 
3 
CH3COCI No 
АС, reaction 
No reaction 


18.37 


18.38 


а. 


о. 


о 


о 


о. 


Ф 


— 
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H(CH3)2 CH43CH;COCI E а: СН(СНз)> 
T 
AICI .CH,CH, CHCH ДЈ 
3 eo ОНА ОН c 


Ц Il 
О О 
C CH3CHsCOCI 


H(CH3) ; 
‘i, 3)2 m No reaction 


N(CH3)2 
CH4CH;COCI No Friedel-Crafts reaction 


AICl, 


CH3CH,COCI CX los 
+ 
-CHCH — СНаСН»_. 
АСВ C 2043 34M2 c 
О 


CHsCHa. 20 


H 
-CH3  cH,cH;COCI N, o4 CHs А LY 
| H3CH 
AlCls Ó Снан с 


МО; 
AA OHNO; ом — S—NO, | 
NO; HO, — 


HO NO; 
HO 
CH; CH3 
d N | Ж S 
ЕС: _ )-0H НО.$ OH 


SO3H 
CH;CH; 


 CHCH;CI 
ООО“ OCOCH, 


АСЬ 


CHO CHO в CHO 
LEX ‚ СТ 
= CH; CH 


Br 


COCH, 


О 
У у ооо, CHsCOC! SUIT 
CH,O АСБ 
о, "UY 

Oc m 

мо, H504 

с, 
cro )—соосн, eo Кей 
3 
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: nod 80; Вг OCHs Br OCH3 
H2SO4 Cx + 
SO3H НОз5 
18.39 Watch out for rearrangements. 


a. аса БЫ " ec " on 


CI 
| 2? carbocation 


rearrangement | 3? carbocation | rearrangement 


18.40 


© АС © » АСЬ ОСНз 
А ОСН; 


18.41 


CH; CH3 
А O Zn(Hg), HCI O 
c CH2CH2CHa c CH2CH;CHs 


| /N 
О H H 
B 
РеВгз вг Вг 
о 
е. МНМН» 
-OH 


Br Br 
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18.42 
C bonded to 2 H's 
must use acylation 
followed by reduction. о о 
а. 
AlCl HCI 
C bonded to 1 H 
can be added directly 
by alkylation. D 
У CI 
b АСВ 
п 0 
| 
CHCH 
| or c Cen, (үе Zn(Hg) O е тее 
| АСВ HCI AlCl | р 
Method [1 
Ethyl group can be introduced n] Method [2] 
by two methods. 
C(CH3)s (CHg)3CCI С(СНз)з 
d. ENCORE 
С me CY 
no H's 
18.43 
SO3H 
RM [1] CH3COCI, АбЪ Step [1] won't work because a Friedel-Crafts reaction 
а. [2] С, FeCl = can't be done оп a deactivated benzene ring, as is the 
bii el case with the SO3H substituent. Even if Step [1] did 


Work, the second step would introduce CI meta to 


А о CH, ЗОЗН, not para as drawn. 
Alternate synthesis: 
SO3H 
О Cl, O снасос! SO; 3 
FeCl, с АС а! HəSO4 с (+ isomer) 
O^ "CH, 0^ "cH, 


(+ para isomer) 
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OCH; [1] CH3CH»CH>CH,Cl, АСВ OCH3 Step [1] involves a Friedel-Crafts alkylation 
B СТ = Kx - B using a 1? alkyl halide that will undergo 
` [2] HNO3, Њ250 : 
з, M2904 CH,CH;CH;CH; NO; rearrangement, so that a butyl group will not be 
introduced as a side chain. 


Alternate synthesis: 


OH [1] NaH OCH;  CH4(CH5);COCI OCH3 
Cy [2] CH4CI АС СНзСН>СНЬ (+ ortho isomer) 
P | Zn(Hg), НО! 
OCH 
CH3CH5CH;CH2 МО» H5SO, CH3CH;CH;CHz 
B 


18.44 Use the directions from Answer 18.19 to rank the compounds. 


OO" © OC" асб с” с 


least reactive intermediate most reactive least reactive 


ed intermediate most reactive 
reactivity reactivity 


CHO Cl 
or O Q OC с“ g^ 
| (7 


least reactive intermediate most reactive 
reactivity 


O^ о C^ 


least reactive intermediate most reactive 
reactivity 


least reactive intermediate 


ed most reactive 
reactivity 


18.45 Electron-withdrawing groups place a positive charge in the benzene ring. Draw the resonance 
structures to show how МО; puts a positive charge in the ring, giving it an electron-withdrawing 
resonance effect. Electron-donating groups place a negative charge in the benzene ring. Draw 
the resonance structures to show how F puts a negative charge in the ring, giving it an electron- 
donating resonance effect. 


бту Dres :0: о: iO ry 
| || | 
NSS CUN SE x AN: po p а 
a. = = к О: ò о: 
+ + 
О: | :О: 
| | 
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18.46 
Br CEN O. С 
"СУ =“ эб” 
а. withdraw a. withdraw a. withdraw 
b. donate b. withdraw b. donate 
c. less c. less c. more 
d. deactivate d. deactivate d. activate 
18.47 
о 
(4 
о 
more electron rich 
more electron rich due to СНз group 
due to O atom more reactive 
more reactive 
18.48 


О OO 
OD 


E 


+ 
(т) моны 


тоге СИИИ rich 
due to N atom 
faster 


b. { owes. 
4 


less electron rich 
due to (+) charge on N 
slower 


electron 
O N-—— withdrawing ON 
+ 
с. М(СНз)з 
| Е 


less electron rich 
due to (+) charge on М and 
electron-withdrawing МО» group 
slower 


electron electron donating 
withdrawing 


Effects cancel out. 
similar in reactivity to benzene 


+O 
-O 


more electron rich 
due to C atom 
more reactive 


+ 
М(СНз)з 


„СО 
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18.49 
a. E 


E* A benzene ring is an electron-rich 
——- * C 2X 2-5 substituent that stabilizes an 
intermediate positive charge by an 
| 


electron-donating resonance effect. 


ortho, para Ortho and para products are isolated. As a result, it activates a benzene 
director ring toward reaction with 


electrophiles. 
With ortho and para attack there is additional resonance stabilization that delocalizes the positive 
charge onto the second benzene ring. Such additional stabilization is not possible with meta attack. 


Ortho attack: 
H ЕН ЕН ЕН 
Q-0 = 0-9 
UO = PK Do PK Do OPK 
ЕН ЕН P 


OO: 


H HE HE HE 
+ 
Ї 


Para attack: 


- н = ( ) 22 7 (2 уе. Oy 


+ 


Q-O^— O- 
О -=- er = 


ortho, para hem and para products are isolated. 
director 


With ortho and para attack there is additional resonance stabilization that delocalizes the positive 
charge onto the nitroso group. Such additional stabilization 1$ not possible with meta attack. 
This makes —NO an ortho, para director. Since the М atom bears a partial (+) charge (because it 
is bonded to a more electronegative О atom), the -NO group inductively withdraws electron 
density, thus deactivating the benzene ring towards electrophilic attack. In this way, the -NO 
group resembles the halogens. Thus, the electron-donating resonance effect makes —МО an о,р 
director, but the electron-withdrawing inductive effect makes it a deactivator. 


$ 
x 
Г 


Meta attack: 


E 


Q 
| 
о. 
т 


о 
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„оу aad) 


especially stable 


Ortho attack: 


"E 


Meta attack: 


ead) 


"o px E^ xx == H A aut — H " — H ab cms # d H 
:О=М \ / H -:0-N N Е < > :О=М + УЕ - -öy YE- > :O=N = 


especially stable 
Cry ome 


alkyl ЈЕ on the benzene ring 
R stabilizes (+) charges on the o,p positions by an 
electron- ин о inductive effect. This group behaves 
like any other R group so that ortho and para products 
are formed in electrophilic aromatic substitution. 


| 
Сү өө — A “осн,сн, 


(+) charge on atom bonded to the benzene ring 
Drawing resonance structures in electrophilic aromatic substitution 
results in especially unstable structures for attack at the o,p positions— 
two (+) charges on adjacent atoms. This doesn't happen with meta 
attack, so meta attack is preferred. This is identical to the situation 
observed with all meta directors. 


18.50 


18.51 Under the acidic conditions of nitration, the N atom of the starting material gets protonated, so 
the atom directly bonded to the benzene ring bears a (+) charge. This makes it a meta director, 


so the new МО; group is introduced meta to it. 
H 


T | 
М(СНз)> HNO; N(CHa)a HNO, N(CH3)o 
$E (| и 


acts as а base now a meta director МО; 
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n 52 


pec 1,2-H shift 
{ AICI 
3 DCI ACh e 


+ АС 3? carbocation 


Oo - Qo oO ено 
| m 


:CI—AICl, 


НСІ + АСЬ + (У ) 
{5% 
CI- AlCls Z клх, 
b dc Bt "m bd Е 


resonance-stabilized carbocation 


Use both resonance forms to show how two products are formed. 


(8o. 
Org d do^ | 
+ AlCl 
CHR = 2 22 p 
aes н +} H ë D 
:СЕ-АЮЬ 
18.53 
4 (Seo. Осн» OCH; OCH; 
HSO% HS04 


| OCH; 


HS0, + 
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18.54 
OH n oso, cons 
CH,0 снб снб - - 
О Bono + HO 
+ HSO, 
1,2-CH; shift 
us .. .. 
СНзО CHO? СНзО " 
U СНО 4 
H H T 


сна CH4O 
———— T Н250,4 
H 
HSO, 
18.55 
a. The product has one stereogenic 
center. 


-«—— Зегеодетс center 


b. The mechanism for Friedel-Crafts alkylation with this 2? halide involves formation of a trigonal 
planar carbocation. Since the carbocation is achiral, it reacts with benzene with equal probability 
from two possible directions (above and below) to afford an optically inactive, racemic mixture of 
two products. 


+ 
H Cl: 


и © Gi АС H © 
Sé D asi Дш D, 


(2R)-2-chlorobutane trigonal planar 
achiral carbocation 


racemic mixture 
optically inactive 
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18.56 
E 


E 
(0 = CO 
—— + 
А 


This product is formed. This product is not formed. 


H E H E 


| 


e a 
= es о CO 


Attack to form A proceeds via a HE HE 


Attack to form B proceeds via a Е 
carbocation for which 6 resonance p 
structures can be drawn. Only two 


A reaction that occurs by way of the more stable carbocation is preferred so product A is formed. 


18.57 
V шш 
И M oso, н.ж н CI он 2 :бн з 
:О: О: Ое | | 
б B == C H ф R, po -н-с—< )—Cl 
ai ERS Б ашыны Ede | 
CCl ^H сс“ ^H CCl ^H ссн) о, 
+ Н504" 4 
HSO4 | 
(+ 3 resonance CoH, 
| 
structures) н с )- Cl 
_ CCl 
+ HSO; 
HSO ~, | 
E соь — A eos — / A as 
P » Cl + 
OX а UN № l (о CI EN IM NE us 
H CCl, " 
DDT (+ 3 resonance + ЊО: 
+ 250, structures) 


(+ 5 resonance 
structures) 


H 
4 B 
resonance structures contain an ———- 
intact benzene ring. 


carbocation for which 7 resonance 
Structures can be drawn. Four $ 
resonance structures contain an intact Dac LE 
benzene ring. У 
Е Е Е Е 
AH H H H 
m ees 
+ 


+ 
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18.58 


P :O: E О О 
:О7 :0: 70: :0 Um О: 
-AIC resonance-stabilized 
( 3 acylium ion 
AICl, 


О О О О О О 
O-AICI O-AICI O-AICI 
aad в. SH з H 3 
+ + 
+ нв“ ) 
+ В: 
H—OH5 | . . 
n (any base in the reaction mixture) 


О О 
cy ow + HO + АС» 


18.59 Benzyl bromide forms a resonance-stabilized intermediate that allows it to react rapidly under 
Sul conditions. 


Formation of a resonance-stabilized carbocation: 
+ 
is а 
ОН; == ry CH2 CH2 + Сн» CH2 
Br2 A 
l 
resonance-stabilized carbocation 


benzyl bromide 
+ Ў, 

C 2-79 Cp CH;OCHs — C p оњбоњ + HBr 
а. Mp T 


Lo benzyl methyl ether 


+ 
CH2 
] 


+ CH,OH + :вг: 
oN-( она ( ње сно— сна 
electron-withdrawing group electron-donor group 
destabilizing stabilizing 
slower reaction faster reaction 


The electron-withdrawing NO» group will destabilize the carbocation so the benzylic halide will be less 
reactive, while the electron-donating ОСНз group will stabilize the carbocation, so the benzylic halide 
will be more reactive. 
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18.60 Addition of HBr will afford only one alkyl bromide because the intermediate carbocation leading 


to its formation is resonance stabilized. 


H H H H 
~ CHs СУД СНз A A ОНз ZN СН pu 
— — pare E 
[Теа —— нн H H И. нн нн 
гезопапсе 
stabilized 
or = 
Вг H 
H H Br +, «СНз 
= СНз 
H H 
H 
no resonance only 
stabilization 
As a result, this carbocation 
does not form. 
18.61 
tH цел 
:0: Н—050.Н :0 ^" Е н  HSO, 
pu + UJ 3 Р p + OH + HSO, Hs НБ 
P OH ( OH 
resonance-stabilized (+ 3 additional H—-OSO3H 
cation resonance structures) | 
HO | OH "y E PO "Ou OH 
bisphenol A A + HO - 
+ HSO : Е (+ 5 additional + HSO, 
24 (+ 3 additional resonance structures) 


resonance structures) 


18.62 


АСВ 


АСВ 


Zn(Hg), НСІ 


C^ 


n(Hg), HCI 


ФР 


(+ para isomer) 
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NO; 


NO 
Br, НМОЗ 2 
es (+ para isomer) 
РеВгз B Н804 Вг 
r 
bE- CY E E К 
f. 
AICI H5SO СТ X 
3 TUM SO3H SO3H 


(+ para isomer) 


CH3Cl CH3 KMnO; COOH HNO3 COOH 
МАС H5SO, 


NO; 


сна! Br, KMnO, 
h. © ( \ сн. - prt у CH; B соон 
AlCl = РеВгз == 


(+ ortho isomer) 


i о о NO; 
È сибсньснь T Zn(Hg), HCI CH2CH2CH3 HNOS CH2CH2CH3 
OC АСЬ Бергә HSO, 
Br Br 
(+ isomer) 
СНз СНз соон 
| © CHCI $03 Cl, (excess) € KMnO, 
i AlCl HSO, FeCl; 
са SO3H SO3H 


(+ ortho isomer) 


k © (СНа) СНС! HNO3 ps Ont Bro 466 K* -OC кез. Сү 
AlCls H5SO, o, Ре c на NO, 


(+ рага isomer) + isomer) 
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18.63 
МО» МН» 
Bro HNO3 ( S Sn 
a. 
FeBrg Н,804 22 НСІ 
Вг Вг Вг 
(+ ortho isomer) 
СНз СНз СНз 
Вг 
" © сна HNO3 | SN Bro 
АС Н,504 2 FeBrg 
МО» МО; 


(+ ortho isomer) 


© A HNO; (+ isomer) 
| HSO 
AICl, AICI, аы 
- o^ 


(+ para isomer) 


© ua ^ n = — 
АСВ CH; H2SO4 


HOOC 


Sn 


HCl ноос 
(+ ortho isomer) 


ote 


Zn(Hg) a TIE NaOH BA! 
e. 
AIC, 
з nel Нг504 SO,H 8504 Ма“ 
(+ ortho isomer) 
О О 
ot Bro “Сү NH2NH2 O~ HNO; hood 
AlCl; РеВгз -OH #2804 МО; 
(+ isomer) 
H2 
Pd-C 
Bond 
NH; 
О 
© CH4CH5CI ors — Ср = Br, Br = 
Ors Of & OL = 
AlCls AlCl V 7 \ Feck У \ w \ ДА У 
(+ ortho isomer) Cl Cl 
је OC(CH3) 
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18.64 
CH3 Вг, Su. CHBr 
Че Cy 
СНОН 
Маон 
b. product in (a) Cy 
-ос(снә» СН;ОС(СН)а 
c. product in (a) 
EN CHO 
d. product in (b) PEC | P 
Cl = 
e. ( Non, ? ( CH; diio COOH 
FeCls \ / . 
* para isomer 
а! j ) CI 
О 
| 
сі сн, асн zw р Zn(Hg), HCI 
1 
f on > M cH б на) Не __ с) (CHa CH 
AICI 
a (CH2)4CHs 
(+ ortho isomer) 
0 
О == О 
C. KMnO 
9. ( у сну са 0-0 сн — $ | -соон 
АС СНз СНз 
(+ ortho isomer) 
СНз CH3 COOH 
HNO3 HNO, NO, KMnO, NO; 
h. H5SO, H5SO, 
(+ para isomer) 
p NO; 
CH3 3 Bip _ Br "OH OH 
Cy РеВгз a Oa СЫС АС = Вг 
(+ ortho isomer) О О 
ON 
m» "T HNO3 ON NH NH» Done 
H5S0, -OH 
AICI (+ ortho isomer) | H2 
Pd-C 
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E 3 3 N / 3 
AlCl О FeCl О 
(+ ortho isomer) 
CHO 
О 


С! 


CHOH 
О 
а! 


18.65 


а O [1] NaH £3 An? O 
| АС! 
HO [2] CHBr cuo ek CHO 


(+ ortho isomer) 


CH3 
„Оа 0 зө, Ra 
HO [2] СНзСН»Вг CH4CH;O АСЗ CH4CH;O EM CH3CH,O 

(+ ortho isomer) 


cy [1] NaH 
CH3CH,O0 [2] CHI CH, CHO 
O [1] NaH O CH;CI O Hs HNO; ON CH3 н, 
C. 
HO 21061 сњо АСЬ p (e) CHO 
NO; 


CHBr 


ја 


Pd-C CH4O0 
(excess) 
(+ ortho isomer) 


18.66 
id" 
| soot, Br 


Br 
Br C=CH 
" С) 2. а Pr Kt K*-OC(CHg)3_ СНз) Ss Bro ome 2^NH» Cy 
| АСК 
Jon HBr ond 
ROOR 


(from a.) 
„Сү CH ман C=C Zs. C=CCH,CH;0 њо | C=CCH,CH,OH 
(from a.) 
HNO, Br; = K* -OC(CHj)s / 
d. ыы ON = ON Же ON 
OY HSO, @ К Ра \ / Br 
(from a.) (+ ortho isomer) НСЕСН | HBr 
(ман ROOR 


E _ C=CH Br 
ON \, / СН»СН» С СН + ол — 
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C 


“ [1] 080, 
- Br N # 
[2] H2O, NaHSO3 


HNO 
Clo 3 с! Bro Cl K* ^7OC( (СНз) з CI 
9. FeCl, Cl H5SO,4 hv 


(from a.) (+ ortho isomer) WERE Е 


C 


C=CH [1] NaH C=CCH,CH3 
е. 
Cy [2] СНАСЊС! Cy 


(from a.) (from a.) 


Eg 
MIU 
e 
Uv 
UJ 
з |5 
QO 
x 
T 
Q 
© 
© 
ЈЕ 
e, 
о 
E 
[e] 
т 


18.67 
а о 
о К+ -OC(CH3)s 


© МАН; (y= 
АСВ “OH hv (E^ 2) 


m Bro 


2 мамн; 


18.68 One possibility: 


Ks Br 
O „а no О Bro 
АСВ AlCl ш 
Ó 


(+ ortho isomer) K* "OC(CH3)s 
HO Na,Cr,0, НО [1] ВН; 2 
О H20, Њ50, -57 [2] H20, “OH І 
Ó О S 


| Zn(Hg), НСІ 


HO 
Y XL 


ibufenac 


| 
474 | 
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18.69 
9 


[1] Ман 
[2] СНзСН»СН»Вг 


— 
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CH4CI 


АСВ 
So 


(+ ortho isomer) 


СНз KMnO, Jos 
N Aro 


18.70 Use integration data and the molecular formula to determine the number of H's that give rise to 


each signal (Section 14.5, How To). 


'H NMR data of compound А (C,H,Br): 


Absorption ppm # of H's 
triplet 1.2 3 
quartet 2.6 2 
two signals 7.1 and 7.4 2+2 


ЇН NMR data of compound В (C,H,Br): 


Absorption ppm # of H’s 
triplet 3.1 2 
triplet 3.5 2 
multiplet 7.1-7.4 5 


Explanation 
3 H's adjacent to 2 H's 
2 H's adjacent to 3 H's 


para disubstituted benzene 


Explanation 

2 H's adjacent to 2 H's 

2 H's adjacent to 2 H's 
monosubstituted benzene 


18.71 IR absorption at 1717 ст’! means compound C has a C=O. 


'H NMR data of compound С (С„Н 0): 


Absorption ppm # of H’s 

singlet 2.1 3 

triplet 2.8 2 

triplet 2.9 2 

multiplet 7.1-7.4 5 
18.72 


'H NMR data of compound X (C,,H,,O): 


Absorption ppm # of H’s 
doublet 1.3 6 
septet 3.5 1 
multiplet 7.4-8.1 5 


Ехр!апайоп 

3H's 

2 H's adjacent to 2 H’s 
2 H's adjacent to 2 H's 


monosubstituted benzene 


Explanation 

6 H's adjacent to 1 H 

1 H adjacent to 6 H’s 
monosubstituted benzene 


Structure: 


O 


Structure: 


Q-7 


Structure: 
О 


[aos 


Structure: 
О 


or 
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Electrophilic Aromatic Substitution 18—33 


Absorption ppm # of H’s Explanation Structure: 
doublet 0.9 6 6 H’s adjacent to 1 H 
multiplet 1.8 1 ] H adjacent to many H's 
doublet 2.5 2 2 H's adjacent to 1 H 
multiplet 7.1–7.3 2 monosubstituted benzene 
18.73 
a 
CH; а „С 1H NMR spectral data: 
b — | 
CH — )-ән + — сесн H2504 - 1.4 (singlet, 18 H) (a) 
| ee | ux фоне 227 (singlet, 3 H) (b) 
3 d 5.0 (singlet, 1 H) (c) 
p-cresol 2-methyl-1-propene a 7.0 (singlet, 2 H) (d) ppm 
2 equiv 
00 BHT (C15H24O) 
CH3 uso, А 
с=сн, CH,-C-CH. + HSO 
CH3 СНз 
сн с. CH; СОН» сона СЕН» C(CH3)s 
CH, 
СНз 
ОН 
осн с(сн,), 
7 Repeat to add the second С(СНа)з group. 
HSO, T 80, 
CH3 
18.74 


Molecular formula (Z): СН СЮ 
IR absorption at 1683 cm ': C=O 
'H NMR spectral data: 


Absorption ppm # of H’s 
triplet 1.2 3 
quartet 2.9 2 
multiplet 7.2—8.0 4 


Structure: 
О 


Explanation 

3 H's adjacent to 2 H's 
2 H's adjacent to 3 H's 
disubstituted benzene 
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18.75 Five resonance structures can be drawn for phenol, three of which place a negative charge on the 
ortho and para carbons. These illustrate that the electron density at these positions 1s increased, 
thus shielding the protons at these positions, and shifting the absorptions to lower chemical shift. 
Similar resonance structures cannot be drawn with a negative charge at the meta position, so it is 
more deshielded and absorbs farther downfield, at higher chemical shift. 


| | 


(–) charges on the ortho and para positions 


18.76 a. Pyridine: The electron-withdrawing inductive effect of N makes the ring electron poor. Also, 
electrophiles E can react with N, putting a positive charge on the ring. This makes the ring 
less reactive with another positively charged species. 


To understand why substitution occurs at C3, compare the 
stability of the carbocation formed by attack at C2 and C3. 


Electrophilic attack on N: Electrophilic attack at C2: Electrophilic attack at C3: 
E 
< < Г 2 “+ 27 E* 27 
| 2 | 2 ~ | № ~ CE РЕ | 
М N, N N E N N 
~ | "^ E* ~H Е M 
Xe Et E 
less reactive 
than benzene Е 
A On 


N E N 
oe H ee 


N does not have an octet. better resonance structures 
(+) charge on an electronegative N atom 
poor resonance structure 
attack at C2 does not occur 


Since attack at C3 forms a more stable carbocation, attack at C3 occurs. Attack at C4 
generates a carbocation of similar stability to attack at C2, so attack at C4 does not occur. 
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b. Pyrrole is more reactive than benzene because the C's are more electron rich. The lone pair on N has 
an electron-donating resonance effect. 


Attack at C2: Attack at C3: 


E 
У... (Nl u NE ло, 


more reactive than benzene 


per 

Н Е 

| 

+ он / Н 
| 


N 3-position 
H 
fewer resonance structures 
[Y Attack at C3 does not occur. 
N E 
H 
2-position 
more resonance structures 
attack at C2 


Since attack at C2 forms a more stable carbocation, electrophilic substitution occurs at C2. 
18.77 


Ps. js 
MO | 


SOH он :Он :OH :OH 
1,2-СНз wes 
E shift H 


+ HSO,- 


:OH 
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18.78 Draw a stepwise mechanism for the following intramolecular reaction, which was used in the 
synthesis of the female sex hormone estrone. 


overall reaction d E 
Lewis acid 


» Ss 
во ~ ог НА RO 
A 
The steps: 
КС: ©. С 


+A (+ 1 resonance structure) 


RO 
(+ 3 resonance structures) 


18.79 
a. The reaction could follow a two-step mechanism: [1] addition of the nucleophile to form a carbanion, 
followed by [2] elimination of the leaving group. 


> 1 
on УСЫ + дон, I" ON Co BI on{ ў—бон; 
> 4% :OCHs | 


resonance-stabilized carbanion * CF 


b. The NO, group stabilizes the negatively charged intermediate by an electron-withdrawing inductive 
effect and by resonance. 


Og (Сы dO TOS 
OCH; OCH 10: осн, — OCH3 


The negative charge can be delocalized |, Qr с 
onto the electronegative О atom. + М— 
ОСН: 


с. m-Chloronitrobenzene does not undergo this reaction because no resonance structure can be drawn 
that delocalizes the negative charge of the reactive intermediate onto the O atom of the NO, group. 


Cl Е СІ с! 
. 'QCHs :QCHs *OCHs 


ОМ ОМ ON 
meta NO, group 
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Chapter 19: Carboxylic Acids and the Acidity of the O-H Bond 


* General facts 


e Carboxylic acids contain a carboxy group (COOH). The central carbon is sp” hybridized and 
trigonal planar (19.1). 


e Carboxylic acids are identified by the suffixes -oic acid, carboxylic acid, or -ic acid (19.2). 
e Carboxylic acids are polar compounds that exhibit hydrogen bonding interactions (19.3). 


+ Summary of spectroscopic absorptions (19.4) 


IR absorptions C-O ~1710 cm ! 
O-H 3500—2500 cm ! (very broad and strong) 
'H NMR absorptions O-H 10-12 ppm (highly deshielded proton) 
С-Н a to COOH 2-2.5 ppm (somewhat deshielded Csp’—H) 
ЗС NMR absorption C-O 170—210 ppm (highly deshielded carbon) 


$ General acid-base reaction of carboxylic acids (19.9) 


6: ; e Carboxylic acids are especially acidic 
R-C 5 "uu = R-C _ + — H-B* because carboxylate anions are 
:0-H :0: resonance stabilized. 
рК.=5 carboxylate anion * For equilibrium to favor the products, 


the base must have a conjugate acid 
with a pK, > 5. Common bases are 
listed in Table 19.3. 


+ Factors that affect acidity 


Resonance effects. A carboxylic acid is more acidic than an alcohol or phenol because its conjugate 
base is more effectively stabilized by resonance (19.9). 


OH О 
С” 4 
ВОН ‘OH 


pK, = 16-18 pK, = 10 рк, = 5 


Increasing acidity 


Inductive effects. Acidity increases with the presence of electron-withdrawing groups (like the 
electronegative halogens) and decreases with the presence of electron-donating 
groups (like polarizable alkyl groups) (19.10). 


480 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 19-2 


Substituted benzoic acids. 
e Electron-donor groups (D) make a substituted benzoic acid less acidic than benzoic acid. 
e Electron-withdrawing groups (W) make a substituted benzoic acid more acidic than benzoic 


acid. 
COOH COOH COOH 
©” С e 


less acidic more acidic 
higher pK, pK, = 42 lower pK, 
pK,» 4.2 рКа < 4.2 


Increasing acidity 


Ф Other facts 


e Extraction is a useful technique for separating compounds having different solubility properties. 
Carboxylic acids can be separated from other organic compounds by extraction, because aqueous 
base converts a carboxylic acid into a water-soluble carboxylate anion (19.12). 

e А sulfonic acid (RSO3H) is a strong acid because it forms a weak, resonance-stabilized conjugate 
base on deprotonation (19.13). 

e Amino acids have an amino group on the a carbon to the carboxy group [RCH(NH2)COOH]. 
Amino acids exist as zwitterions at pH =6. Adding acid forms a species with a net (+1) charge 
[RCH(NH3)COOH]’. Adding base forms a species with a net (C1) charge [RCH(NH2)COO] 
(19.14). 
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Carboxylic Acids and the Acidity of the O-H Bond 19—3 
Chapter 19: Answers to Problems 


19.1 To name a carboxylic acid: 


[1] Find the longest chain containing the COOH group and change the -e ending to -oic acid 


[2] Number the chain to put the COOH carbon at C1, but omit the number from the name 
[3] Follow all other rules of nomenclature. 


g AY ALE 
a.  СНСН»СН»- c- CHCOOH Pe  CH3CH2-Ç-CHp— Ç- соон 
CH, CH,CH, CH,CH, 
Number the chain to put COOH at C1. Number the chain to put COOH at C1. 
6 carbon chain = hexanoic acid 6 carbon chain = hexanoic acid 
3,3-dimethylhexanoic acid 


2,4-diethylhexanoic acid 


AY 
CI 
Number the chain to put COOH at C1. 
5 carbon chain = pentanoic acid Number the chain to put COOH at C1. 
4-chloropentanoic acid 9 carbon chain = nonanoic acid 
4-isopropyl-6,8-dimethylnonanoic acid 


19.2 
a. 2-bromobutanoic acid 


c. 3,3,4-trimethylheptanoic acid e. 3,4-diethylcyclohexanecarboxylic 


О О acid 
О 
HO OH 
Br 


HO 
b. 2,3-dimethylpentanoic acid d. 2-sec-butyl-4,4-diethylnonanoic acid f. 1-isopropylcyclobutane- 


T carboxylic acid 


19.3 
О 
с. o,p-dimethylcaproic acid 

а B a,b усар ey 
OCH3 О 

О А : Cl 

b. B-phenylpropionic acid d. a-chloro-B-methylbutyric acid p OH 
p OH a 
О 


а. a-methoxyvaleric acid 
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19.4 


19.5 


19.6 


19.7 


19.8 


19.9 


C5 or 6 carbon 
О 


' | (он 
pem сш C2 or a carbon Pap ap 
. b. СОН 
а ебі HO | S 


C3 or f carbon 


IUPAC: 2-hydroxypropanoic acid IUPAC: 3,5-dihydroxy-3-methylpentanoic acid 
common: a-hydroxypropionic acid common: ,6-аћудгоху-В-тећума!енс acid 
i Д ji i 
о Li b Nat O^ ^H c. Y^ " d. O Ма* 
sodium formate Br 
lithium benzoate — sodium bo PE potassium 2-methylpropanoate Sodium 4-bromo-6-ethyl- 


octanoate 


РЕ 67 АД 


C2 


2-propylpentanoic acid sodium 2-propylpentanoate 


More polar molecules have a higher boiling point and are more water soluble. 


om ore" odi 


least polar intermediate polarity most polar 
lowest boiling point intermediate boiling point highest boiling point 
least НО soluble most H,O soluble 


Look for functional group differences to distinguish the compounds by IR. Besides sp? 
hybridized С-Н bonds at 3000—2850 cm! (which all three compounds have), the following 
functional group absorptions are seen: 


О О ОН 
| | 
„С pos CY 
CH4CH,CH;CH; `OH CH3CH;,CH;CH4 СОСН» 
carboxylic acid ester alcohol 
2 strong absorptions 1 strong absorption 1 strong absorption 
~1710 (C=O) ~1700 (C=O) ст" = ~3600–3200 (OH) ст“! 


-2500—3500 (ОН) стг! 


Molecular formula: C4HgO; 'H NMR data (ppm): " 

one degree of unsaturation 0.95 (triplet, 3 H) уч 
1.65 (multiplet, 2 Н) 
2.30 (triplet, 2 H) 
11.8 (singlet, 1 H) 
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19.10 
О О О 
"n io ы ен 
|| | нн | 
На Hp Не | | He 
Ha Ha 
2 singlets 2 singlets 
1:1 ratio 1:1 ratio 
Although both compounds have an absorption at 10-12 ppm in their ЇН NMR 
spectra (due to Hp and Н,), На, which is bonded directly to the carbonyl 
carbon, is much farther downfield than Hy because it is more deshielded. 
19.11 
HO HO 
oe n ос о Г COOH There are five tetrahedral stereogenic 
P ie centers. Both double bonds can 
5 : cim d dud exhibit cis-trans isomerism. 
HO OH HO OH Therefore, there are 


РОР, 


yam a 
А enantiomer 2! = 128 stereoisomers. 
a prostaglandin 


19.12 1° Alcohols are converted to carboxylic acids by oxidation reactions. 


О 
а. pw cw ч — ЧОН C. {сон ===) ( У оњон 
0 
e. ==>  (CHgeCH—CHs-OH 
(CH3)2CH^ ^он (CHa) Я 
19.13 
М№аСтО KMnO 
a. ( Soon et ( \-coon C. ON / N CH; ее А ом—( соон 
H5SO,, H20 — 
A с 
(Any R group with benzylic H's 
can be present para to МО..) 
OH =— 2° [e 
" зе = 3 — mH . 
B [2] HO (2 equiv) } Н2804, ЊО CO;H 
D 1* OH 
19.14 
NaOH 8 ман Te 
a. COOH ———- COO Na* C. СНз С ОН d СНз С О Nat + Н, 
+ ЊО CH; Сн» 


NaOCH = 
b. сн, он ыы: сњ« о Na* d. { оон а. { ооо Na* 


+ HOCH; + Н2СОз 
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19.15 CH,COOH has a pK, of 4.8. Any base with a conjugate acid with a pK, higher than 4.8 can 
deprotonate it. 


a. F- pK, (HF) = 3.2 not strong enough d. -NH2 pK, (NH3) = 38 strong enough 


b. (СНз) СО pKa [(CH3)3COH]= 18 strong enough e. СГ pK, (НСІ) = -7.0 not strong enough 
c. СНа pK, (СН,) = 50 strong enough 


19.16 
Ha H OH, Increasing acidity: Ha < Нь < He 
Он; _ Н Он negative charge on C 
О -Ha A OH. unstable conjugate base 

mandelic acid 2 
Ha H ОГ 

— Hp A „ОН, negative charge оп О 

e more stable conjugate base 
Ha H OH, Ha H OH, 


-He 2 О: О negative charge оп О, 
E resonance stabilized 
:0: :0: most stable conjugate base 


19.17 Electron-withdrawing groups make an acid more acidic, lowering its pK;. 


CH3CH; - СООН ICH? — COOH CF4—COOH 
least acidic one electron-withdrawing group three electron-withdrawing F's 
pK, = 4.9 intermediate acidity most acidic 
pK, = 3.2 pK, = 0.2 


19.18 Acetic acid has an electron-donating methyl group bonded to the carboxy group. The CH3 group 
both stabilizes the acid and destabilizes the nearby negative charge on the conjugate base, 
making СНзСООН less acidic (with a higher рК.) than HCOOH. 

5- 


| it 
| 25 ge 
electron-donating СНз group  —- Сну OH сну О 
acetic acid conjugate base 
СНз stabilizes the СНз destabilizes the 
partial positive charge. negative charge. 
a less stable conjugate base 
19.19 
a. CH4COOH HSCH COOH HOCH COOH b. ICH2CH2COOH ICH;2COOH СНСООН 
Іеаѕї асіаіс intermediate most acidic least acidic intermediate most acidic 


acidity acidity 
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19.20 
а cH соон {_у—соон o—( соон 
least acidic intermediate most acidic 
acidity 
Ө, 
b. сно—{ _}у—соон сн,—{ coor t S-coos 
CH3 
least acidic intermediate most acidic 
acidity 
19.21 
OH Phenol A has a higher pK; than phenol because 


HO of its substituents. Both the OH and CH; are 
electron-donating groups, which make the 
M conjugate base less stable. Therefore, the acid 
is less acidic. 


19.22 То separate compounds Бу an extraction procedure, they must have different solubility 

properties. 

a. CH3(CH2)sCOOH and CH;CH2CH2CH2CH=CH): YES. The acid can be extracted into 
aqueous base, while the alkene will remain in an organic layer. 

b. CH5CH?CH;?CH?CH-CH; and (CH3CH2CH2)20: NO. Both compounds are soluble in organic 
solvents and insoluble in water. Neither 1$ acidic enough to be extracted into aqueous base. 

c. CH3(CH2)sCOOH and NaCl: one carboxylic acid, one salt: YES. The carboxylic acid is 
soluble in an organic solvent while the salt is soluble in water. 

d. NaCl and KCI: two salts: NO. 


19.23 То separate compounds by an aqueous extraction technique, compounds must have different 
solubility properties. CH,CH,COOH and СН,СЊСЊОН are low molecular weight organic 
compounds that can hydrogen bond to water, so they are water soluble. They also both dissolve 
in organic solvents. As a result, they are inseparable because of their similar solubility 


properties. 
19.24 
weaker conjugate base stronger conjugate base 
better leaving group worse leaving group 
t 
CF3SO3H CF3SO3” CH3SO3H CH3SO3- 
CF; is electron withdrawing. CH; is electron donating. 
stronger acid weaker acid 


lower pKa higher pK, 
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19.25 
phenylalanine methionine 
pos QM | quB 
C. „С С, ge 
“үн Hs. “Ун Hy. 
cu NH2 Нәм“ NGHCH;SCH CH,SCH,CHY МН 
R S 
В S 


19.26 Since amino acids exist as zwitterions (1.e., salts), they are too polar to be soluble in organic 
solvents like diethyl ether. Thus, they are soluble in water. 


19.27 
‚ COOH . coo coo 
H H H 
pH = 1 glycine pH = 11 
neutral form 
19.28 
ae 
pK, (COOH) + pK, (NH3*) HzN—C—H 
uà a a N (2.58) + (9.24) = 591 8 | 
2 2 CH; 
19.29 
t + 
Нм CH- COOH HsN- CH- COO" 
H | H 
electron-withdrawing group The nearby (+) stabilizes the conjugate base by an 


electron-withdrawing inductive effect, thus making 
the starting acid more acidic. 
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19.30 Use the directions from Answer 19.1 to name the compounds. 


а. (CH3&CHCH5;CH5,CO;H  4-methylpentanoic acid 


b. BrCH,COOH  2-bromoacetic acid 
о or 2-bromoethanoic acid 


C. 
он 


4,4,5,5-tetramethyloctanoic acid 


d. CH3CHsCH»,COO-Li* 


ü ^x 1-ethylcyclopentanecarboxylic acid 
| COOH 
: bd 2,4-dimethylcyclohexanecarboxylic acid 
COOH 


19.31 


OH 
a. 3,3-dimethylpentanoic acid XY 
О 


b. 4-chloro-3-phenylheptanoic acid 


lithium butanoate 


OH 


CI 


2H)-2-chloropropanoic ac 
c. (2А)- prop A en 


О 
d. В,В-аісһћіогоргоріопіс acid с 


ет 


e. m-hydroxybenzoic acid TX 


19.32 
О 
ee 
pentanoic acid 


О 
рем Na* 


sodium pentanoate 


AA. 
OH 
3-methylbutanoic acid 


put 
О“ Nat 


sodium 3-methylbutanoate 


sodium 2-methylbutanoate 


COOH 
g. X o-bromobenzoic acid 
Br 
h. CHcHe—( оон p-ethylbenzoic acid 


О 


i о о Na* 


sodium 2-methylhexanoate 


10 COOH 


7 5 
7-ethyl-5-isopropyl-3-methyldecanoic acid 


f. o-chlorobenzoic acid 
CI 


g. potassium acetate 


те: 6. K* 


h. sodium a-bromobutyrate T O^ Nat 
i. 2,2-dichloropentanedioic acid E. 


CI CI 
j. 4-isopropyl-2-methyloctanedioic acid 


УП 

НО 

он 
О 


О 


Le 


2,2-dimethylpropanoic acid 


О 
coe Na* 


sodium 
2,2-dimethylpropanoate 


О 
ma 
2-methylbutanoic acid 


О 


O- Nat 
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19.33 
a. PLN а PG SY он OH 
О 
lowest boiling point intermediate boiling point highest boiling point 
О он o 
HO 

lowest boiling point intermediate boiling point highest boiling point 

19.34 
О 


Ше 
H;SO,, H2O [2] н;О 
KMnO 
b. снисн— )— 0s ——- ноос—{ ў—соон d. снасн)снгон N820%207 _ ссн соон 


H5SO,, НО 

19.35 

inis сю; 

2] H202, "ОН Н280,, H2O 
[2] H202 A 2504, H2 B 
[1] NaNH2 [1] NaNHs [1] O3 
b. HC=CH > HC=CCH3 > CH4CH,C8CCH4 CH4CH;COOH + СНСООН 
[2] СНз B [2] СНЭСНЫ B [2] H2O Е + Е 
К © (СНз)>СНС! C KMnO, om 
| АС 
G H 
19.36 
Bases: [1] “OH pK, (H20) = 15.7; [2] СНзСНЬ` pKa (СНзСН-) = 50; [3] "NH2 pKa (NH3) = 38; 
[4] NH3 pK, (МНД?) = 9.4; [5] HC=C~ рк, (HC=CH) = 25. 
a. cH сон b. а он с. (СНз)зСОН 
pK, = 4.3 pK, = 9.4 pK, = 18 
All of the bases 7OH, СНАСНг“, “NH3, and HC=C7 CH3CH;?', “NH3, and НС=С“ 
can deprotonate this. can deprotonate this. can deprotonate this. 
19.37 
a. { Jj coon + K* -ОС(СНз)з === {сос Kt + ae Reaction favors products. 
pa = 


pKa = 4.2 


H L—- ШММ 29. + NH, - 
á са тын рк, - 9 Reaction favors reactants. 
PR, = а Е 
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+ t > === = 
©; C 9 PEE ( 279 + NH + Ма“ [Reaction favors products. 

pK, - 10 pKa = 38 
d. P aiu + CHg Lit === coo Lit + СН, Reaction favors products. 

pK, = 50 
СНз CH3 й 
рКа = 4 
е. pur т NaH — v Ма’ + Hp Reaction favors products. 
pK, = 16 pi = 35 


Е cH ў—он + Na;COs - СН C ] O-Na* + Nat HcO, | With the same pK, for the starting 
pK, = 10.2 acid and the conjugate acid, an 
а= 10. 


equal amount of starting materials 
pK, - 102 and products is present. 


19.38 The stronger acid has a lower pK, and a weaker conjugate base. 


COOH CH;OH 
a. Cy or Cy с. сњ) соон ог с—{ оон 


carboxylic acid alcohol СН. is electron donating. Cl is electron withdrawing. 
stronger acid weaker acid weaker acid stronger acid 
lower pK, higher pK, higher рКа lower pK, 
weaker conjugate base stronger conjugate base stronger conjugate base weaker conjugate base 
b.  CICH;COOH or FCH;COOH d. NCCH5COOH or СНСООН 
weaker acid F is more electronegative. CN is electron withdrawing. weaker acid 
higher pKa stronger acid stronger acid higher pKa 
stronger conjugate base lower pK, lower pK, stronger conjugate base 
weaker conjugate base weaker conjugate base 
19.39 
Br CI 
аа v ~COOH Ro А 
least acidic Br is electronegative CI more electronegative 
intermediate acidity most acidic 
Jos ion ion 
b. СН; CI ON 
least acidic intermediate acidity most acidic 
jo ni C C 
б. 
CH3 CF; 
least acidic intermediate acidity most acidic 


Q 


OH OH OH 
Br O;N ОМ NO; 


least acidic intermediate acidity most acidic 
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19.40 


om о" о 
а. BrCH;COO- BrCHsCH,COO- (СНз) ССОО с. Ly СУ CY 


weakest base intermediate basicity strongest base 


weakest base intermediate basicity strongest base 


weakest base intermediate basicity strongest base 


19.41 
Increasing acidity 
ICHsCOOH BrCH;COOH FCH,COOH F CHCOOH . F4CCOOH 
pK, values least acidic 2.86 2.66 1.24 most acidic 
3.12 0.28 


19.42 The OH of the phenol group in morphine is more acidic than the OH of the alcohol (pK; = 10 
versus pK; = 16). KOH is basic enough to remove the phenolic OH, the most acidic proton. 


most acidic proton ——- HO 
The OH is part of a phenol. 
Methylation occurs here. 


an alcohol —7 HO 


morphine 
Many resonance structures A 
stabilize the conjugate base. 


codeine 
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19.43 
a. The negative charge on the conjugate base of p-nitrophenol is delocalized on the NO; group, 


stabilizing the conjugate base, and making p-nitrophenol more acidic than phenol (where the negative 
charge is delocalized only around the benzene ring). 


AS (00+ OL 
ʻO: 0: 


SO: phenol 
nitrophenol ч = 
e K n 2 two of the possible resonance structures for the рКа = 10 

ас conjugate base (See part b. for а the possible 


resonance structures.) 


b. In the para isomer, the negative charge of the conjugate base is delocalized over both the benzene 
ring and onto the NO; group, whereas in the meta isomer it cannot be delocalized onto the МО; 
group. This makes the conjugate base from the para isomer more highly resonance stabilized, and the 


para substituted phenol more acidic than its meta isomer. 
б: О: 
ON“ E р 


O;N O;N >. м > N^ 
:0: :О: 


ON 


pK, = 7.2 d | 
p-nitrophenol negative charge on . 
two O atoms Q: 
very good resonance structure 
more stable conjugate base 
stronger acid ON 
| OH р OF : 79: $ 20: : „О: | 0: 
NO; МО; NO; МО; NO» NO2 
pK, = 8.3 


m-nitrophenol 


19.44 A CH30 group has an electron-withdrawing inductive effect and an electron-donating resonance 
effect. In 2-methoxyacetic acid, the ОСН; group is bonded to an sp? hybridized C, so there is по 
way to donate electron density by resonance. The CH30 group withdraws electron density 
because of the electronegative O atom, stabilizing the conjugate base, and making 
СЊОСЊСООН a stronger acid than СНзСООН. 


О :0: 
оно A oy end Да 


more acidic acid more stable conjugate base 


—Ht 
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In p-methoxybenzoic acid, ће CH3O group is bonded to an sp” hybridized C, so it can donate 


electron density by a resonance effect. This destabilizes the conjugate base, making the starting 
material less acidic than СН5СООН. 


О 4 :0: + Е :0: 
ОН = нон | Jot 


like charges nearby 
less stable conjugate base 


less acidic acid 


19.45 
The O in A is more electronegative than the N in C so there is a 
stronger electron-withdrawing inductive effect. This stabilizes 
the conjugate base of A, making A more acidic than C. 
| COH | 
Ooa О Q 
о CO;H о N COH 
H 
A B С 
pK, = 3.2 pK, = 3.9 pK, = 4.4 
Since the О in A is closer to the COOH group than the О atom т 
B, there is a stronger electron-withdrawing inductive effect. This 
makes A more acidic than B. 
19.46 
COH COH 
0 aQ О 
D E C 
| AR H* | = Н+ | — H+ 
О Е О 
О о o 
о 
Since the benzene ring is bonded The electron withdrawing- Since the МО» group is bonded to a 
to the a carbon (not the carbonyl inductive effect of the NO; benzene ring that is bonded directly to the 
carbon), this compound is not group helps stabilize the COO" carbonyl group, inductive effects and 
much different than any alkyl- group. resonance effects stabilize the conjugate 
substituted carboxylic acid. intermediate acidity base. For example, a resonance 


least acidic structure can be drawn that places a (+) 


charge close to the COO" group. 


Two of the resonance structures for the conjugate base of C: most acidic 


:0: :0: лб: :0: 
оо v в 
ee M s Fr Be 


unlike charges nearby 
stabilizing 
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19.47 
T о О D The resonance-stabilized carboxylate 
„Сл „Маон. с —— с.х = anion can now be protonated on either О 
сну СОН сну СО СНУ ^O atom, the one with the label and the one 
но" | но" without the label. 
labeled O atom о он 
Ge * Cy * n n " A 
CH; ӧн CH “=о The label is now in two different locations. 
19.48 
О 
О 
5 Ha He loss ОЁН: 4 H 
- т The most acidic proton forms the 
Hy О - most stable conjugate base. 
у О 
. . 1,3-cyclohexanedione one Lewis structure 
increasing acidity: Hj < Ha < Н, least stable conjugate base 
:0: :0: :0: ОГ :0: 
loss of Ha: Е | Ho | Н, loss of He: н, К н, Ha 
Hp О Hy О Hg о: Hy О: Hg О 
2 resonance structures 3 resonance structures 
intermediate stability most stable conjugate base 


Hp 
N N | NS P Ne 
b. He loss of Hp: `( He ~ He N^ CH 
О :0: :0: dor 
На На На "U На 


acetanilide 7 resonance structures 


increasing acidity: H4 < Н, < Нь most stable conjugate base 


Jos € ае ү е 
:О: А :О: _ О: 
Нд На Ur Нд | 

H 


Hp | b нь N 
loss of Ha: | = N 
N Па N Hc 
үа ee (УХ r Ox 
= О О: 0: На 
oy Hy Hy .. 
one Lewis structure 
least stable conjugate base 2 resonance structures that 


delocalize the negative charge 
intermediate stability 
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19.49 


о о :О: О: : :0: О: :0 The conjugate base is resonance 
AK — = —— KA — AA stabilized. Two of the structures place a 
H H H H H H H H negative charge on an O atom. 
H H H weaker conjugate base 


stronger acid 


The conjugate base has only one Lewis structure. 
stronger conjugate base 
weaker acid 


19.50 As usual, compare the stability of the conjugate bases. With RSO,H, loss of a proton forms a 
conjugate base that has three resonance structures, all of which are equivalent and place a 
negative charge on a more electronegative O atom. With the conjugate base of RCOOH, there 
are only two of these resonance structures. Thus, the conjugate base RSO, is more highly 
resonance stabilized than RCOO , so RSO,H is a stronger acid than RCOOH. 


i base Do i i 
R-S-O-H > S-O = > R-S=O R—S=o three resonance structures 
| Il | | | 
n 5 ШЕ for the conjugate base 
О О Е 
Д base П | two resonance structures 
вон D “о - Reo for the conjugate base 
19.51 
The negatively charged C is more nucleophilic 
than the negatively charged O atom. 
CHCOOH m coe ео f: 
: p 3 2 2 2 = 
3 strong base x = CH3CH5CH5;CH5CH;COO 
| | (2 едим) | НзО* 
Two equivalents of strong base remove 
both the О-Н and С-Н protons. СНзСН»СН»СН»СН>СООН 
hexanoic acid 
19.52 

PE :О: :0: 

„Сыя = pou. „Съз „Н 

CH; ~NH> сну СМ сну ^N 
acetamide + О is more electronegative than М, making the 
somewhat less stable conjugate base of СНзСООН more stable 
with the (-) charge оп N than the conjugate base of acetamide. Therefore, 
eL acetamide is less acidic. 
O :0: 


19.53 


19.55 


19.56 
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COOH œ Dissolve both compounds in СН›СЬ. 
Add 10% NaHCO; solution. This makes a carboxylate 
A B anion (Со Н7СОО ) from B, which dissolves in the 
aqueous layer. The other compound (A) remains in the 
СЊСЂ. 
* Separate the layers. 


OH OH e Dissolve both compounds in СЊСЂ. 

Cy and CY e Add 10% NaOH solution. This converts CsH;OH into a 
phenoxide anion, Сб Н5О , which dissolves in the 
aqueous solution. The alcohol remains in the organic 
layer (neutral) since it is not acidic enough to be 
deprotonated to any significant extent by NaOH. 

* Separate the layers. 


To separate two compounds in an aqueous extraction, one must be water soluble (or be able to be 
converted into a water-soluble ionic compound by an acid—base reaction), and the other 
insoluble. 1-Octanol has greater than 5 C's, making it insoluble in water. Octane is an alkane, 
also insoluble in water. Neither compound is acidic enough to be deprotonated by a base in 
aqueous solution. Since their solubility properties are similar, they cannot be separated by an 
extraction procedure. 


a. Molecular formula: C4H45CIO; 
IR: 3500-2500 cm", 1714 стг! 
NMR data: 2.87 (triplet, 2 H), 3.76 (triplet, 2 H), and 11.8 (singlet, 1 H) ppm 

b. Molecular formula: CgHgOs 


5 double bonds or rings сно—{ соон 
IR: 3500-2500 cm", 1688 ст“! С=О and O-H 


NMR data: 3.8 (singlet, 3 H), 7.0 boe d 2H), 7.9 eee 2 H), and 12.7 (singlet, 1 H) ppm 


one double bond or ring ^C. 
C-O and O-H CICH;CHz^ `OH 


para disubstituted benzene ring 
c. Molecular formula: CgHgO3 


5 double bonds or rings Е соон 
IR: 3500-2500 стг, 1710 ст“! C-O and O-H | 


NMR data: 4.7 (singlet, 2 H), 6.9-7.3 (multiplet, 5 H), and 11.3 (singlet, 1 H) ppm 
| 


monosubstituted benzene ring 
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19.57 
Compound A: Molecular formula C4H&O» (one degree of unsaturation) 
IR absorptions at 3600-3200 (О-Н), 3000-2800 (С-Н), and 1700 (C=O) ст ' 


'H NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
singlet 2.2 3 a CH; group 


singlet 2.55 1 H adjacent to none or OH 0 


1 
Cy 
triplet 2.1 2 2 H's adjacent to 2 H's СНз д CH;CH;OH 
triplet 3.9 2 2 H's adjacent to 2 H’s 


Compound B: Molecular formula СНО» (one degree of unsaturation) 
IR absorptions at 3500-2500 (О-Н) and 1700 (C=O) cm! 


'H NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
doublet 1.6 6 6 H’s adjacent to 1 H CH3 
septet 2.3 1 І Н adjacent to 6 H's С©Нз-С CooH 
singlet (very broad) 10.7 1 OH of RCOOH H B 
19.58 
Compound C: Molecular formula C4H&O; (one degree of unsaturation) 
IR absorptions at 3600—2500 (О-Н) and 1734 (C=O) стг! 
'H ММА data: 
Absorption ppm #ofH’s Explanation Structure: 
triplet 1.2 3 a CH; group adjacent to 2 H’s о 
quartet 3.6 2 2 H's adjacent to 3 H’s о 
singlet 4.1 2 сна Dus у он 
singlet 11.3 1 OH of COOH 
19.59 
Compound D: Molecular formula СоНэСО) (five degrees of unsaturation) 
ВС NMR data: 30, 36, 128, 130, 133, 139, 179 — 7 different types of C's 
'H NMR data: 
Absorption ppm # ofH's Explanation Structure: 
triplet 2.7 2 2 H's adjacent to 2 H's COOH 
triplet 2.9 2 2 H's adjacent to 2 H’s = <= 
two signals 7.2 4 on benzene ring » 
singlet 11.7 1 OH of COOH 
19.60 


СНз 
CHs-C-CH;COOH 
Сн» 


Molecular formula CgH;20.2 (1 double bond due to СООН) 
1H NMR: 1.1 (singlet), 2.2 (singlet), and 11.9 (singlet) ppm 
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19.61 
Molecular formula: CgHgO,: 6 degrees of unsaturation о о 
IR 1692 ст“! (С=О) у ( ) 4 
1 . 
H NMR T and P ppm (singlets) HO OH 
aromatic H COOH 
19.62 
м 3 different C's 
A COOH Spectrum [2]: peaks at 27, 39, 186 ppm 
5 different C's 
B “соон Spectrum [1]: peaks at 14, 22, 27, 34, 181 ppm 
LI 4 different C's 
с он Spectrum [3]: peaks at 22, 26, 43, 180 ppm 
19.63 
GBL: Molecular formula СНО»: (two degrees of unsaturation) 
IR absorption at 1770 (C=O) cm! 
'H NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
multiplet 2.26 2 2 H's adjacent to several H’s [ = о 
triplet 2.48 2 2 H's adjacent to 2 H's О 
triplet 4.35 2 2 H's adjacent to 2 H's GBL 
19.64 
HOOC H HOOC H HOOC OH ноос OH 
он Ws NN SH 
threonine "o н.м СА У нв HUN TA 
HoN CH3 eH CH3 HoN CH н CHg 
28,35 25,35 26,38 25,31 
naturally 
occurring 
19.65 
+ 
NH С ди NH; 
COOH COOH COO 
proline enantiomer zwitterion 
19.66 
a. methionine b. senne 
О О О О О О 
+ || + || — | = + | + | EM | "m 
HeN-CH-C-OH  H;N-CH-C-O  H,N-CH-C-O  H;N-CH-C-OH  HjN-CH-C-O  H,N-CH-C-O 
Он» нь Cre Е нь ен 
CH,SCH3 CH,SCH3 CH,SCH3 OH OH OH 
pH = 1 pH =6 pH = 11 pH = pH - 6 pH = 11 


form at isoelectric point 


form at isoelectric point 
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19.67 
a.cysteine pl = —PKa(COOH) + pKa(NHs") - (2.05) + (10.25) / 2 = 6.15 
2 
» 
b. methionine pI = рка(СООН) + рКа(МНз") = (2.28) + (9.21) / 2 = 5.75 
2 
19.68 
. о i 
HoN ` 
2 “он C OH 
| HN H NÇ Нам H 
lysine 
This lone pair is localized h 
on the N atom, making it a : = tryptop a : 
base. This lone pair is delocalized in the x system to give 10 x 
electrons, making it aromatic. This is similar to pyrrole 


(Chapter 17). Since these electrons are delocalized in the 
aromatic system, this N atom in tryptophan is not basic. 


19.69 The first equivalent of NH; acts as a base to remove a proton from the carboxylic acid. A second 


equivalent then acts as a nucleophile to displace X to form the ammonium salt of the amino acid. 
О 


О Hn О 
R 8 NH3 R _ 
oos | iors NH4* т O7 NH4* 
X - = ; NH 
acid-base reaction | ^ Зм2 reaction у 
19.70 
а. At pH = 1, ће net b. increasing pH: As base is added, the c. monosodium glutamate 
charge is (+1). most acidic proton is removed first, + 
then the next most acidic proton, and NH3 
На so forth. + | 
NH3 ^ OOCCH5;CH?' 47. €—— 
HOOCCH,CH; ~ ооң (^ DOO № 
H HOOCCH;CH;" f coon 


base (1 equiv) 


+ 
NH3 


НООССН»СН»` eee: 
H 


base| (279 equiv) 


| 
ii 


-OOCCH4CH;" Sane 
H 
base (3'9 equiv) 
МН? 


-O0CCH;CH;" вог 
Н 
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19.71 The first equivalent of NaH removes the most acidic proton; that is, the OH proton on the 
phenol. The resulting phenoxide can then act as a nucleophile to displace I to form a substitution 
product. With two equivalents, both OH protons are removed. In this case the more 
nucleophilic O atom is the stronger base; that is, the alkoxide derived from the alcohol (not the 
phenoxide), so this negatively charged O atom reacts first in a nucleophilic substitution reaction. 


nucleophile 


idi = 1] CH 
most acidic proton NaH о (сн,),он [1] CHI сно— нон 
| (1 equiv) X / [2] H2O 
Ман -o ү 2-7 (9207 ЗОНЫ, н—( снос, 
(2 едим) | [2] H2O 


nucleophile 
19.72 
— б: О: 
но соон Ё РНЕ =< HO нај“ 
7 Y / от о: 
p-hydroxybenzoic acid Ы . DU 
less acidic than benzoic acid like charges on nearby atoms 
destabilizing 

The OH group donates electron density by its resonance 

effect and this destabilizes the conjugate base, making the 

acid less acidic than benzoic acid. 

OH :0-H 
COOH С Intramolecular hydrogen bonding stabilizes the 
4 4 - | A 
o: conjugate base, making the acid more acidic than 
. . " benzoic acid. 
o-hydroxybenzoic acid 
more acidic than benzoic acid 
19.73 
H4 and H, must be the two most acidic protons since they are part of 
carboxylic acids. Loss of a proton forms a resonance-stabilized carboxylate 
O Hy anion that has the negative charge delocalized on two О atoms. H, is more 
OH, acidic than Н, because the nearby OH group on the a carbon increases acidity 
HaO о by an electron-withdrawing inductive effect. Нь is the next most acidic proton 
ЊО He 


because the conjugate base places a negative charge on the electronegative O 


2-hydroxybutanedioic acid atom, but it is not resonance stabilized. 
increasing acidity: 
На < He < Hp < He < На si > 5 У 
The least acidic H’s are Н, and На since these H’s are bonded to С atoms. The 
electronegative О atom further acidifies Н, by an electron-withdrawing 


inductive effect. 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 501 


Introduction to Carbonyl Chemistry 20-1 


Chapter 20: Introduction to Carbonyl Chemistry 


* Reduction reactions 


[1] Reduction of aldehydes and ketones to 1° and 2° alcohols (20.4) 


о NaBH,, CHOH oH 
C. — R—C—H(R' 
R^ H(R) р or | ( ) 
[1] LiAIH, [2] НО H 
or 1° or 2? alcohol 


Hs, Pd-C 


[2] Reduction of a,6-unsaturated aldehydes and ketones (20.4C) 


OH 
NaBH, a * reduction of the C=O only 
CH4OH 
о | o 
А ENL D. m "we * reduction of the С=С only 
Pd-C 
OH 
| Ha (excess) _ в * reduction of both x bonds 
Pd-C 


[3] Enantioselective ketone reduction (20.6) 


o Пон 
il CBS reagent 


on [2] HO 


* Asingle enantiomer is 
formed. 


(S) 2? alcohol 


[1] ЦАН, _ RCH,OH 
o [2] H2O 1° alcohol • [LiAIH,, а strong reducing agent, reduces 
n an acid chloride to a 1? alcohol. 
вс 
[1] LiAIH[OC(CHs)s]3 Q e With LiAIH[OC(CH3);];, a milder 
[2] HO E AH reducing agent, reduction stops at the 
aldehyde aldehyde stage. 
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[5] Reduction of esters (20.7A) 


[1] LiAIH, RCH,OH | 
2] H 
[2] H20 1? alcohol 
0 
RoR 
[1] DIBAL-H ? 
E Коң й 
[2] H20 R H 
aldehyde 


LiAIH,, a strong reducing agent, reduces 
an ester to a 1? alcohol. 


With DIBAL-H, a milder reducing agent, 
reduction stops at the aldehyde stage. 


[6] Reduction of carboxylic acids to 1^ alcohols (20.7B) 


9 [1] LiAIH, 


Кең RCH;OH 
R^ “^он [2] НО 


1° alcohol 


[7] Reduction of amides to amines (20.7B) 


n [1] НАНА 
РАДУ 2 » RCHs—N 
R^ ^N [2] H2O | 
| amine 


* Oxidation reactions 
Oxidation of aldehydes to carboxylic acids (20.8) 


О 
C CrO3, Ма»Сг»О», K2Cr207, KMnO, | 
вон = > 
A920, NH4OH 


pon 
R^ ^OH 
carboxylic acid 


+ Preparation of organometallic reagents (20.9) 


[1] Organolithium reagents: 


e АП Сг reagents except РСС 
oxidize RCHO to RCOOH. 

e Tollens reagent (Ag;O + NH4OH) 
oxidizes RCHO only. Primary (1?) 
and secondary (2?) alcohols do not 
react with Tollens reagent. 


АЦ + Lix 


R-X + 2Li— 
[2] Grignard reagents: R-X + Mg 
[3] Organocuprate reagents: R-X + 
2R-Li + Cul 


(CH3CH2)20 


2Li —— R-Li + LiX 
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[4] Lithium and sodium acetylides: _ Na* "NH да 
R-C=C-H - R-C=C Nat + NH, 
a sodium acetylide 
R-Li 
R-C=C-H + R-CzC-Li * R-H 
a lithium acetylide 


$ Reactions with organometallic reagents 
вм a HS ü " + м бя e RM-RLi, RMgX, R;CuLi 


[1] Reaction as a base (20.9C) 
* This acid—base reaction occurs with ЊО, 
ROH, ЕМН,, R;NH, RSH, RCOOH, 
ЕСОМН,, and RCONHR. 


[2] Reaction with aldehydes and ketones to form 1°, 2°, and 3° alcohols (20.10) 


о [1] R"MgX ог R'Li OH 
- R-C-H(R) 


R^ ^H(R) [2] H20 T 


19, 29, or 3? alcohol 


o [1] R"Li or R"MgX OH 
i ] 
„з (2 едим) s R-C-R' 
[2] НО R" 


3? alcohol 


[4] Reaction with acid chlorides (20.13) 


И] ce ut OH * More reactive organometallic reagents—R"Li 
i > | R-C-R' and R"MgX—add two equivalents of К" to an 
© [2] HO я" acid chloride to form a 3° alcohol with two 
T 3? alcohol identical R" groups. 
R^ са 
T О * Less reactive organometallic reagents— 
? " E R'5CuLi—add only one equivalent of R' to an 
[2] H2O ЖЕ 


acid chloride to form a ketone. 


ketone 
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[5] Reaction with carbon dioxide—Carboxylation (20.14A) 


carboxylic acid 


[6] Reaction with epoxides (20.14B) 


O 
a [1] RLI, RMgX, or R;CuLi 


P [2] њо 


OH . А 
[1] R'Li or R'MgX | P l e More reactive organometallic reagents— 
но -— Hon T R'Li and R'MgX—teact with о, f- 
O | n unsaturated carbonyls by 1,2-addition. 
сс —À allylic alcohol 
| Он | | 
ИЈАЉСИЦ you | e Less reactive organometallic reagents— 
[2] H2O R go R';CuLi— react with о, -unsaturated 
В carbonyls by 1,4-addition. 
ketone 


+ Protecting groups (20.12) 
[1] Protecting an alcohol as a ¢ert-butyldimethylsilyl ether 


> Сна 
R-O-H + CI-Si-Q(CHgs ——— R-O-Si-C(CHj)s 
Сн» Na МН CH3 
[ CI-TBDMS | [R-O-TBDMS]| 
tert-butyldimethylsilyl ether 


[2] Deprotecting a fert-butyldimethylsilyl ether to re-form an alcohol 


СНз 


Г (СНаСН»СН»СНЬ)4 № F- CH; 
R-O-Si-C(CH3) > + F—Si-C(CH3)s 
| 
CH3 Сн» 


R-O-TBDMS]| | F- TBDMS | 
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Introduction to Carbonyl Chemistry 20—5 
Chapter 20: Answers to Problems 


[1] Csp?+C 
Anh lic d b. The O is sp? hybridized. 
` —— [2]o: Сар—0зр 


Both lone pairs occupy sp? hybrid orbitals. 
[31] c. sinensal О: л: Ср-Ор 
Csp?-Csp? 


20.1 


20.2 А carbonyl compound with a reasonable leaving group undergoes substitution reactions. Those 
without good leaving groups undergo addition. 


О 
0 m n C 
a. E b. Кел с. ie d. ^H 
сна“ СОН» CH4CH;CH4^ “С! сна“ “ОСН. 
по good leaving group Cl-good leaving group OCHs-reasonable leaving group no good leaving group 
addition reactions substitution reactions substitution reactions addition reactions 


20.3 А carbonyl compound with a reasonable leaving group (NR? or OR bonded to ће C=O) 
undergoes substitution reactions. Those without good leaving groups undergo addition. 


no good leaving group 
P и addition reactions 
О О 
ОН 
Bero. Ош All other C=O's have leaving groups. 
H Он 


substitution reactions 


HO z Hi 

О B О 

AT 
о 


20.4 Aldehydes аге more reactive than ketones. In carbonyl compounds with leaving groups, the 
better the leaving group, the more reactive the carbonyl compound. 


0 0 Q 0 
Сс, or Cy | Cy Cy 
а. сн,снсн;“ ^H ОНОВОН “онь ©. сносно "а 07 сну СОСЫ» 
less hindered carbonyl better leaving group 
more reactive more reactive 


О О О О 
b. || ог || d. || ог || 
А ^C. po род 
CH4CH;^ “СНз CH3CH(CH3)~  “СН,СНз CH; ~OCHs CH;~ "NHCHg 
less hindered carbonyl better leaving group 
more reactive 


more reactive 
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20.5 NaBH; reduces aldehydes to 1? alcohols, and ketones to 2° alcohols. 


О NaBH, OH 
C NaBH, 
a. CH,CH,CHZ ^H — CHOH а o 
H H3OH 
О Е OH 
NaBH, 
b. О он 
CH4OH 


20.6 1° Alcohols are prepared from aldehydes and 2? alcohols are from ketones. 


H 
OH О 
=> ОН О 
а. РУМ pP м. ы lat. C. CY. => 
20.7 
OH 3° Alcohols cannot be made by reduction of a carbonyl group, 
because they do not contain a H on the C with the OH. 
1-methylcyclohexanol 
20.8 
OH 
О 
| " [1] ШАН, am p Hp (excess) pw 
' и Pw d. сг 
[2] H20 Pd-C 
OH О 
О NaBH, NaBH, (excess) он 
b. Pals о“ d p e. А pa 
CHOH CHOH 
О | О О о он 
с Pa He (egui) pr Low ee pd 
| Pd-C CHOH 
20.9 
О NaBH, En eH 
a. p. Т CH30H [NANA * 
a NaBH, 
b. 47 CH4OH x MoH 
с. (CHa)aC Naaru Chae он + назо (он 
CH34OH 
20.10 
О НО н 
CI [1](S)-CBS reagent CI 


A [2] H2O B 
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20.11 
Part [1]: Nucleophilic substitution of H for Cl 
x i 9 
~ > CH3—C-—Cl = СГ 
сну а — р ° ies B онуң, ^ 
HaAI—H 
+ АН aldehyde | H replaces CI. 
Part [2]: Nucleophilic addition of H^ to form an alcohol 
:0: ic >; :OH 
E cm 
Pads 9 У“ з v + а 
| | x 
т de T М] H 
PSI + Анз 1? alcohol 


20.12 Acid chlorides and esters can be reduced to 1? alcohols. Keep the carbon skeleton the same in 
drawing an ester and acid chloride precursor. 


О 


| 
О О C. 
// // С 
a Does О) = OS JOf 
CI ОСН. CHOH снао 


Cl OCH с. ДУ —, or 9 
СНО 
b. OH == о or O 


20.13 
[| ш. C [1] ШАН CH;N(CH) 
~ АТЦ 2 3)2 
a. OH рн,о OH МСН)» 
2 5 [2] Hz с. + ° CY [2] HO 
о 
о | | 
| "nv [1] LiAIH, PW " мн ПАН, NT 
| NH2 рн; Nile [2] HO 
20.14 
Q 
CH3NH; C. О 
МН 
„(7 OM сүз o y^ 
о о 


| 
CH,CH C... .CH,CH 
м 2СНз N 2СНз к 
b. CH,CH; CHCH; 9' 
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20.15 
| H СНО О СНО ОН 
о [1] LiAIH, T 3 [1] LiAIH, ~ 3 
[2] H2O OH [2] ЊО 
t HOCH; 
H 
CH30H 3 CH4OH 
О О [1] LiAIH, 
b. mu uie d мно | HO ^^v ^он + HOCH, 
NaBH, . . 
Neither functional group reduced 
СНОН 
20.16 
а. N СОСЊСНа СОСЊСНа 
(1 bus 
О Pd-C 
b. > СОСЊСНа СОСН,СНз 
(2 a 
О Pd-C 
[1] LiAIH, 
с. EN CO2CH2CH3 +  CH4CH,OH 
[2] H2O 
О 
d. A CO,CH,CH, NaBH CO;CH;CHs 
CH4OH 
О он 
20.17 Tollens reagent reacts only with aldehydes. 
Ag20, NH4OH A920, NH,OH ru e 
en 4 Мо reaction OH Е ww 
a. { Jonon — b. A n~ со + OH 
О О 
СООН И 
Na;Cr;O C 2- Na2Cr207 С 
H;S0,, HzO H2504, H2O Pe OH 
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20.18 


OH 


CHO 
CHO Lig ИЕ 


HO 


[e 
H 
OH OH о 


„ш. МеН СН2ОН g. g 22O NH4OH Le 
CH4OH HO HO " x 
OH Ш 
[1] LiAIH, CHOH сов Сто} `он 
21н0 но Н,50,, H2O Sor 
OH 


а. CH3CHeBr + 2Li ——- СНСЊЦ + LiBr C. СНзСН»Вг + 2Li ———- CH¿CHLi + LiBr 


20.19 
b. СНСН,Вг + Ма ——> CH,CH,MgBr 2 CH4CHa4Li + Cul———- LiCu(CHsCHg)> + Lil 


20.20 
НСЕССН»СНЬСН»СНЬСН»СНь + NaH 


ма“ СЕССНЬСН»СН»СНЬСН»СН. + Н hydrogen gas 


HC=CCH2CHsCHsCHsCHsCH3 + CH3MgBr 


methane gas 


or + HOMgBr 


СНзСН>С=СН + ШОН 


BrMgC S CCH;CH;CH;CH;CHSCHs + CH, 
20.21 


Е | MgBr 
a. {у + HO C> + LiOH » os 9 + но 


ен» Сна 
b. СНа-С-МоВг + ЊО Снз-С̧-Н + номовг d. CHCH,C=C—Li + HO 
CH3 CH3 


20.22 To draw the product, add the benzene ring to the carbonyl carbon and protonate the oxygen. 


н-с-н on 
9 [1] { мов 9 [1] { мов СНзСН›-С-Н 
С. 


С 
C. CH.C uS 
[2] Де) На Hz H 


[2] H2O 


О 


Н 
| 
о B C -мовг CH3CH; - C - CHSCHS | {Умов OH 
ред а С >= [ ] 
b. СНзСН5 CH2CH3 [2] HzO 2 


[2] H2O 
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20.23 To draw the products, add the alkyl or phenyl group to the carbonyl carbon and protonate the 


oxygen. 
1] CH3CH;CHALI [1] CgHsLi OH 
" ҮС [1] CH3CH2CH2 me Е [Жо ca 
О [2] H20 HO CH;CH;CH3 [2] H20 
Le ] CH;-O 
" [1] ( yu rà "DU Na* - T" Р C-CH;OH 
b i H—C-—H ES H20 
Gey > 
[2] Но 


H OH H OH 


О - К 
1] СНАСНМаВг r 5 
а. б Е. | oe Po t pur 


CH; `H [2] H2O 


1] СНАСНЊЦ CHCH H 
[2] H2O 'OH СН>СН; 


М”. О 

MgBr 
И а = д. + 
а. | СНз]С_СНз => CH MgBr + «С | 


AE 
СНОН MgB ї 
b. @ 2 L CY Вг , ae " d -— OX -—" 
О 
ОН MgBr 9 pa 
( © CH2CH3 = J + Р oe => CO + CH3MgBr 


H 
or 
т" О 
( у брон => o + CH,CH,MgBr 
H H 
20.26 
OH О 
а. eum — => Toy + CHs4Li BH 5 
linalool О 
(three methods) ху. li + „22 
чы чш? Pe lavandulol 
О 


+ CH2-O 
ee И + ү 
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b > = > CHO c. Linalool is a 3° ROH. Therefore, it has по Н on the 

OH carbon with the OH group, and cannot be prepared by 

reduction of a carbonyl compound. 
| NaBH, 
СНОН 

20.27 

N(CH3)2 N(CH3)2 

OH 


О 
LI CY t BrMg 
OCH; OCH; 


venlafaxine 
20.28 
сна снао сн,он 
TBDMS-CI C=CH 
[1] Li-C=CH 
imidazole 
[2] H2O 
HO TBDMSO 
estrone TBDMSO 
(CH4CH,CH;CH;),NF 
CHa сн 
ethynylestradiol 
HO 
20.29 
OH 
9 [1] CH4CH;CH,CHSMgBr i 
„С. (2 equiv) CH3CH2— C -CH;CH;CH;CH; 
a. CH4CHz Cl [2] HO CH2CH2CH2CH3 
О 
С. [1] СНАСН„СНСН;МдВг OH 
b Cy OCH; (2 equiv) ‚ CHgCH,CH,CH,—C—CH,CH,CH,CHg 
[2] H20 
О 
с. OCH;CHs eau) - CH,CH;CH;CH?- C- CH;CH;CH;CH; 
[2] Hen CH;CH;CH;CH;CHs 
20.30 


Ф 


С + gor 
Ao № сњо“ ^он 
СНз 


(2 equiv) 


О 
j 


pon 
b. (CH&CH2CHg)COH ==> CH40^ ^CH;CH;CHs + CH4CH;CH;MgBr 
(2 equiv) 
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он i 
с. CH5-C-CH,CH(CHg; == сно“ "“сн,сн(сна), + CHsMgBr 
CH (2 equiv) 
3 


20.31 The R group of the organocuprate has replaced the Cl on the acid chloride. 


О А 
i [1] (СНз)>Сиы O р [1] (РСИЦ О 
ш М == =———=+= UC pS 
О [1] [CH4CH?CH(CH3)];CuLi О 
b. o [2] Н>О Twp 
20.32 
О | О О 
n [1] ЧАІН[ОС(СНз)з]з it c [1] (CH3CH5);CuL i О 
ы _ ~ “~ 
а. (CH3)>CHCH,~ Cl [2] H2O (CH3);CHCH;7 H с. (СНз)>СНСН» e [2] H2O Ор 
О О | 
b C... [1] CHSCH,Li (2 equiv) но а а 
` (CH; CHCH;^ "Cl зерә q a С. . (CH3)2CHCH»~ el 2] H,O (СНз)>СНСН>СН>ОН 
[2] H2O 
20.33 
[e О 
| 
C => Сим + С 
US осн 6% и ^CH M j 
а. | 8 о | = CI + [(CH3sC];CuLi 
Z 
О О 
or or 
9 О 
С C. + (CH3;CuLi 
СНз! — Cl Cl + (СНз) CH], CuLi 
=> 
О О 
20.34 
О О 
- [3] H,0* E 


Br [1] Mg Су“ [2] СО; p 
a. 


b. а IMS | ща 5% оо М. бб, 


[1] Mg [2] СО; = 
с. CH3O СЊВг — CH3O CH2MgBr CH3O СНСОО 


| [3] Но“ 


cHo{ ў—онсоон 


20.35 


Om TO or 


(+ enantiomer) 
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C. Юон ER [Го 


е 


20.36 The characteristic reaction of a,B-unsaturated carbonyl compounds is nucleophilic addition. 
Grignard and organolithium reagents react by 1,2-addition and organocuprate reagents react by 


1,4-addition. 


О 
- oe [1] (CH3);CuLi СНз гё 1 (CHa)aCuLi 
CH, [2] НО CH, мно ^ 
На 
НО с=сн 
[1н-с=с—ш СНз [1] H—-C=C-—Li 
2] H20 2] НО 
[2] H2 CH, [2] H2 
b. dn ВИТА [1] (CHg;CuLi zd dn d 
О [2] H20 о сн. 
[11H—-CzC-Li ч. 
[2] H20 
HO С=СН 
20.37 
[1] (CHs=CH)sCuLi 


di ded 
О 


[2] H2O 


о 
[1] CH;-CHLI OH 
b. pee - Pe a 


[2] H2O 


[1] CH2-CHLi 


ms 4 “Жү [2] H2O 


О 
(from a.) 


e 
HO C=CH 
22 


FID 


OH 


Chapter 20-14 
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20.38 
а. CH3CH20H TET E... CH3CH,Br CH,CH.MgBr 
Їз 
[2] H2O 
d E Oe 
(from a.) 
н H250, 
oe ORO 
Pd-C 
(from a.) 
Он he (бен e Ope 
Er 7 H2O СУ РСС ‹ 
сњењон РСС. сн.сно он o 
OH 
(from d.) 
2 A mCPBA О 
CH34CH50H ый СН»= 2 LN 
20.39 
О О 
ОН 
а — —9 ыы T -— ВЧ WM 10 
н CHOH “^он 9 H TS 
2 
O о 
, OH 
b. oM, ПАН, ga Ё о кы [1] CeHsL i 
[2] H20 [2] H2O 
0 О 
H у 
с. п H 2 МЫ gu i. Aan A [1] (CH3)>CuLi 
Pd-C H No reaction 
О [2] H2O 
OH 
d. МИМ Sy Poe No reaction | | [1] HC=CNa 
о б [2] H2O SS 
Ма>2Сг>О. 
В ны Ен О [1] CHyC=CLi On 
Н,804, НО К 
О 6 Н оно N 
Ag20 
NH4OH OH ^ OH М У “о-твомѕ 


imidazole 
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20.40 
| NaBH OH ? OH 
a 
| [2] H2O 
T OH О сену OH 
Берн TEE Да n ДО Ма ЗА 
[2] H2O [2] ЊО 
О T OH О 
с. 2 ў [1] (СНај;Сиц 
хм Pd-C РИ Poe is No reaction 
[2] Н>О 
О 
ОН 
d. ASSAN PCC . No reaction À [1] НС=СМа b M 
! [2] H2O 
e I на, Мо геасїїоп ү OH 
Ш МЕХ H5SO,, НО k. Fa [1] CH3C=CLi — MM" 
[2] H2O 
О Он 
1. A920 " TBDMSCI O-TBDMS 
No reaction | 
ib dd im A imidazole 
20.41 
Li (2 equiv) HO ШОН 
а. С Br Ты + цы AL aN £M 
Mg 
ај e "m е ~~~ “мовг —= СУ “0 + DOMgBr 
1] Li (2 equiv CH3C=CH 
e - ДОЦ equ)» CHICH,CH,CH;) CUL fA 1 “NN + LiCeCCH, 
[2] Cul (0.5 equiv) 
20.42 
CH2-O Но 
их MogBr Papa CH4COOH _ 
Е i 9. у MgBr 3 “~~ + СНСОО 
b У MogBr Lo H20 Y h. ^. ^ MgBr HC=CH их + HC=C 
О 
On | ^7 ^ MgBr ELE 20 p 
c. „хум | сњсњсос НО _ ~ он 
> 
ОН 
OH MgBr H20 
а „~ MgBr CH4CH5COOCH;3 uus Ro 08S 
к ^. ^ MgBr D2O UD + Оор 
е. „см МӨ” НО „з + OH 


СНзСН>ОН 


ZU + СЊСЊО 


OH 
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20.43 

o о 

с 6 
5. Cy ^el (CH4CH5CH5CH5)sCULi E Cy "CH,CH;CH;CH; 

i 

C . 

| CH3CH5CH5CH5)5CULi 
b. Cy Mu (РАСА ОН СРЈ - No reaction 

О 
в СНз [1] (снзснгснгСн;)гСиц CH3 
[2] НО 
СН;СНСН;СНа 

д. 


O сыз 1) (СнзснгснгСн,)Сиі PE 
СНз [2] Н2О 


20.44 Arrange the larger group [(СНз)зС-] on the left side of the carbonyl. 
H OH но H 


a. NaBH,, CH4OH Ee + "e 
О 5 R 
HO H 
x^ b. [1](S-CBS reagent; [2] HO 2 
R 
H OH 
€. [1] (R)-CBS reagent; [2] HO 2 
5 
20.45 
он HO, „CH3 
Сен 
а. NaBH, CH,OH cH, а Шон: рњо, CY 
О 9 HO, CHCH 
| 
кој 
чоң, b. Hə (1 equiv), Pd-C СНз е. [1] CHsCH2MgBr; [2] H2O CY Е 
OH 
A О 


Cy 
с. Ho (excess), Pd-C t. [1] (CHs=CH)»CuLi; [2] HzO CX СНз 
CH=CH; 
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20.46 
О 
2 [1] LiAIHIOC(CH3)als à 
а. (CH;CHCH;CH;7 ^C! [2] H,O " (CH3)2CHCH,CH,~ ^H 
О | О 
i [1] (CHz-CH);CuLi | 
b. (CH3)sCHCH2CH2~ С! (СНз)>СНСН»СН»” ``СН=СН» 
[2] H20 
о [1] знамо" он 
едим 
CL а еее = (CH3)2>CHCH,CH,— C—CgHs 
Он сноњење“ "а i 
c. (СНз)2 2CH3 [2] ЊО Сен 
о [1] ШАН, OH 
C. На CHCH;CH» — C -H 
d. (CH;CHCH;CH;^ а! [2] HO (Спа сНСн ОН 1 
20.47 
9 | 
С АЕ OH CH.CH,OH 
a. “~ 3 2 2 
CHCH; 7OCH;CH;CHs puo 
О [1] СНЗСН»СНЬМӘС! OH 
С (2 едим) | 
D. сн;сн; ^" "OCH;CH;CHs ~  CH&CH2- C7 CH;CH;CHs 
[2] H2O CH2CH2CH3 
О О 
1 [1] DIBAL-H i 
C.  CH4CH «Сосн CHOH CH3CH aa 
P 3 2 2 2 3 [2] H,O 3 2 
20.48 
OH О 
CrO 
CHO ED M NDS Ag;O 
a. но S\N H;S0,, НО o OH с. po ~ es = ноу ©ООН 
á NH,OH 
b. нач ОНО — РЕС oA n ОНО d. но won Ма;Ср07 НООС. ~ „СООН 
H2SO4, НО 
20.49 
нара EP » OH PH 
COOCH, СНзОН COOCH3 (СНз)№ но  (CHs)aN 
Ó 
p. O [1] LiAIH, Он О [1] ЦАЈНГОС(СН ја | o 


i d. 
e - De ч en H ы 
COOCH, [2] H20 CHOH ©! [2] H2O 


[e] О 
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20.50 


СНз 
[1] CO? 
Нз MgBr СНз 
[2] Н:0+ 
СНз 


» 


CH; 
(ru f. 
CH; 
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О [1] (CH3);CuL i o 
Ро ео 


сүү [1] CH3CH»MgBr он д, ШО 
b. 
b [1] CH9MgBr * 
i OH n. < ES - = 3 
v us [2] HO 
[2] H2O o 
i. A [1] CeHsLi O~ 
сос! ак [2] H2O 
07 7E ОРО : 
[2] H2O O [1](СНарсиц 
Сене [2] ЊО 
[1] CHsMgCl сн, 
е. (| соосњсн, (excess) {рес 
[2] H2O OH 
20.51 
a. [2] HO paw | ар не 


b. (СНз)зС 


[1] CHsLi . 
~ (CHg)3C < 
[2] но (СНаја << 


o [11 CH;CHMgBr 


o 


[2] H2O 


[1] (CH22CH)2CuLi 


d. С) 
[2] H2O 
[1] Mg y^ 
E Br с "COOH 
[2] СО; H 
[3] Н40" 
" [1] (S)-CBS reagent H OH 
f. - 
о H он 
‘tame [1] (R)-CBS reagent 2 
A [2] HO 


OO 
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О 


1] ШАН 

һ. [ 4 CHOH 

^^y oen RES dit ^ + HOCH?CH; 
ў [2] H2O H“ 


H 


20.52 Both ketones are chiral molecules with carbonyl groups that have one side more sterically 
hindered than the other. In both reductions, hydride approaches from the less hindered side. 


The СН. groups оп the bridgehead carbon 


2 H's make the top more hindered. Н“ attacks 
less hindered from below to afford an exo OH group. 
Attack ica from above. Attack eir from below. 
5 __ПБАЊ,__ НАНА др ее  [üLiAH, _ LiAlH4 
— м 
ELM руно © SH 
Н ~—— from 
endo 5. group exo OH group below 


The concave S of the six-membered ring makes the 
bottom face of the С=О more sterically hindered. Addition 
of the H^ occurs from above to place the new С-Н bond 
exo, making the OH endo. 


20.53 Since a Grignard reagent contains a carbon atom with a partial negative charge, it acts as a base 
and reacts with the ОН of the starting halide, BrCH2CH2CH2CH2OH. This acid-base reaction 
destroys the Grignard reagent so that addition cannot occur. To get around this problem, the OH 
group can be protected as a fert-butyldimethylsilyl ether, from which a Grignard reagent can be 
made. 


basic ius acidic site 


вм ~ nOn Е ЧЕ СНз 9 + HOMgBr 


| proton transfer 


These will react. 


Mg 


OH 
Bra SON 


INSTEAD: Use a protecting group. 


TBDMS-CI 
OH OTBDMS Mg 
Br mm Br ^w v ue BM г OTBDMS 
imidazole ether 9 o 
protected OH [1] О 
[2] H2O 


OH (СНАСН„СЊСН,)„МЕ oH 
OH OTBDMS 


A 
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20.54 Compounds Е, С, and К are all alcohols with aromatic rings so there will be many similarities in 
their proton NMR spectra. These compounds will, however, show differences in absorptions due 
to the CH protons on the carbon bearing the OH group. Е has a CH,OH group, which will give a 
singlet in the 3—4 ppm region of the spectrum. G is a 3? alcohol that has no protons on the C 
bonded to the OH group so it will have no peak in the 3—4 ppm region of the spectrum. К is a 2° 
alcohol that will give a doublet in the 3—4 ppm region of the spectrum for the CH proton on the 


carbon with the OH group. 
D 
[1] Os did 

Месно 

Ө O 
OH [1] Mg 
Z Z 
N] CeHsMgBr 80а на _ cl р [2] СН>=О CH,OH E 
^ plo -— < [3] H2O << 
B na pd 
( ( ) 
Z А Z 
mCPBA [1] (CH3);CuLi 
[1] LiAIH, RC NO О “ee. OH G 
CH 
[2] њо <S Е ано са 
hw d hv 
Br MgBr 
РВгз М9 on ео» 
HO H20 
I J 


[1] (R)-CBS H OH 
R O CI reagent Nal [o 2 1 
a. "si [2] ЊО "5 
R "o о B 


(CH4CH5)SSiCI 
imidazole 


H OH н OSi(CH2CH3)s н OSI(CH?CH3)s 
NHCH(CH3)a 2 


HO у d KF в О í 
e 
=“ (СНА СНМН; 


HO R D 
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[2] H2O 
о 
(Zand Е isomers) 
б О 
[1] LiCu(CH=CH-CHC5H11)2 COOCH; 
" СООСНа ÓR 
g 22 
2]H RO 
RO [2] H20 G OR' | several 
О steps 
COOH 
2 
НО 
OH PGE, 
20.56 
ма неон 
:0: 177, 
2 :0; Е 
О: P Wt —— P T 
a. С О: О: неон 
+ 
А авг CH3—MgBr + MgBr | 
:ÓH 
HOMgBr + bou 
OH 


Ё CH,CH,CH;CH,—MgBr BMN 77) И ü 

BrMg— CH2CH2CH2CH2—MgBr t MgBr i 
:OH . 
HOMgBr + v 
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20.57 
© СУ АУЛ & 
№: CH3—MgBr Gor ка 
ОСН: ОСН: OCH 
:0: :0: Id: 
n ог :0: 
(СНЭзСОН + :OH н-бн CH,-C-CH, = ОД СН Mgr 
СНз 
№ ён 
ОН В 
OH 
+ :ÓH ui 
н-Он 
ГА 
CHOH + :бн 
20.58 
:0: cw С: 
S. ds ч I 
MgBr + о ој “OCH СНзО COCH; g снб + СНзО: 
D + b 
+ MgBr 
MgBr 
нб=н N 
$C) ту О 
OFO -go — PO ie 
T 
су 2 MgBr C m + СНзО: 
Y H2O 
:ÓH 
(У) + СНаон + HOMgBr 
^] 
Su 
20.59 
CH,OH WD S 5 H 
a СУ m Г А 
OH О 
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О 
с. (Снусон == (CsHs)C=0 + TE, «(C ===> СТ + 77 WgBr 


BrMg 
d E 
` + 
^Y 
О 
~ MgBr + 
or О 
CH3MgBr + 
20.60 
ОРО = еу Она 
CH,O ud CH30^ ^ CH, 
. С. (CH3CH2CH2CH2)2C(OH)CH; —> 
(2 equiv) И вм ~ 
О (2 едим) 


en 2 
b. CHs- C- СН;СН„СН(СНа) CH30~ ^CH,CH,CH(CHg); + СНз-МоВг 
СН (2 equiv) 


20.61 


OH 
cL E ФЕ СЊСНа 
(two ways) 
(three ways) 
пода 
(Уна | 
ш H + Li-CH;CHs 
or О 
or О Li 
" ӨЕ Су 9% Е CY 
or О 
ог О 
C Li 
= GO * (у CHCH “ОСН + C Је equiv) 


(three ways) 
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20.62 
a e Lu ОН —— FREE + A 


СеН5 ^^ - 
b. = “о + BrMg~CgHs Н H 
“OH ` + -\_MgBr 
20.63 
Mg H2O 
B MgB 2 
Ceh Т | Cdp >~ a CH ~ 
KOC(CH3) H 
Br 3)3 2 
сен ~ Сене“ X сен ~ 
Ра-С 
ЦАЈН 
Br 4 
on и сене ~ 
20.64 
PBr. M 
mE Ув 9 
О 
РСС 1] BrMg— CHCH 
ВЫ е DN g 2 о 
H [2] НО 
OH 
СНОН 
| PB, 
СНаВг 
{мо 
Д, [1] CHsMgBr pu PCC Ea [1] CHsMgBr A 
н [21620 [2] H2O 
(from a.) 
OH pg, Вг [t]Mg 
е A [2] Н;С=О pur 
(from b.) [3] H20 
CH4OH PCC 
О 
BrMg— CH?CH 
d зан ЕВ. та ERES ee ры 
(from a.) 
[2] H2O 
20.65 
Mg О 
Spp Br их Mgr + ще 
ОН 
~ H0, г 
2 
НО E Z ~MgBr и == 
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20.66 
OH РВгз Вг М9 MgBr [1] CH;-O СНОН 
“Сү ФОН сана 
MgBr [1] CO, COOH 
й Cy [2] НзО* ET 
rom a. 


OH О 
СтОз [1] CH3MgBr он H5SO, mCPBA 5 
i Нг504, H2O [2] H2O 


тајог ргоаисї 


OH OH О 
á HSO, Q mCPBA Сә [1] CgHsMgBr CX Bo CX 
2] H2O 
Tie C6H5 CH; 
e. CY [1] CH3CH;CH;MgBr Cw HSO, н, 
- OH 
[2] H2O Pd-C ond 


(from c.) 


lod! уон ма. OF e 
[2] ЊО CH; [2] (CH3);S CHO 
from c.) 


major product 


OH o H MgBr OH О 
(from а.) 
9 РСС H PCC 


= 
= 
`~ 


(from c.) major product 
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20.67 
OH CI MgBr 
SOCI [1] CH22O OH 
a. 2 2 P 
A f. A - 26 - )-оно 
OH — о (from c.) [2] H2O 
b 
A MgBr Бб 
с Он Br g : (CH3)2CHD 
РВгз 
Mia EN (from c.) 


o 11 ума 
он B БН OX 
[1] CHsCHO Ed — 121920 OH 
[2] H2O И 
gBr [1 
ND 44 | C o OR 
MgBr [1] А, (from c.) [2] HO 


1] 2 Li 
(from c.) | VB — ÊU енусньеи 
[2] Cul (0.5 equiv) 
MgBr [1] CO? (from c.) 

i TS )—соон 

(from c.) IUS [1] ка 

[2] H20 

20.68 


РСС [1] Ман 
[2] СНз 
estradiol 
[1] HC=CLi 
[2] H20 


mestranol 
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20.69 


О CY Bro o *-OC(CHs)s “ [1] BH сү" 
а. — 
АС» m [2] НгО», "ОН 
Вг MgBr о ОН 
О Вг, Сү — O [1] Z\ Сү 
FeBr3 [2] H2O 
OH 
CHsCI Br; Br Mg Cr [1] ЊС=О (X 
АСВ ћу [2] ЊО 
ОН О 
MgBr [1] CH3CH=O 
9 Cy [2] НО 
ok i 
© сну“ СО! CHBr 
АС о OH o 
H 


| 


он РСС н [1] CHsMgBr PCC 
[2] H2O 


2 HBr [1] Mg О а Вг ЈЕ [1] Ма ба 
ROOR вг [2] CO. TY hv [2] Н>С=О Y^ 
b. — ANM... Зр он 
вг [2] © 


(from a.) [3] H2O 


20.71 
» Bro on Mg ont [1] CO; om 
ҒеВгз [2] НзО* 
" MgBr [1] сњео CHOH bs CHO as 
` = CH4OH CH.=O 
[2] H2O 2 


(from a.) 
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OH 
CHO [1] PhMgBr 
«C (from a.) PCC 
[2] НО 


(from b.) 
РВгз Mg 
d. CH4CH2CH50H CH3CH;CH5Br CH4CH5CH32MgBr 
CH3CH»2CH,OH СНАСЊСНО PUES - dm нын ——— doc d 
[1] PhMgBr HO d OH Ó 
и (from а.) 
О [2] H2O 
РСС 
е. paupe c 
om “сүз cae FeBrg “СҮ 
Q 
20.72 
PCC H [1] CH,CH,MgBr 
HO 
a. ела == чоюш эш. di didi dio id 
ү [2] H2O 
О ОН О 
ig 
CH4CH4,OH 2 СНСН,Вг CH4CH4MgBr 
OH Bas О [1] СНАСНСНМдВг E от 
b. ДМ AÀ лано 
Bra Mg 
CH3CH»,CH,OH CH3CH,CH,Br CH3CHsCH,MgBr 
Е pu" РСС ц [1] СнзснгснгСнгмовг | 
| [2] HO 
О 
PBr. 
CH3CH2CH2CH20H 2 CH3CH2CH2CH2Br CH3CH2CH2CH2MgBr 
d. H [1] (CH3);CHCH;MgBr РВгз Mg 
[2] H20 
о ОН Вг MoB 
(from c.) gBr 
[1] СО; 
PBr. 
(CHg&CHCH;OH ————- (CHg)2CHCH,Br (CHa)2CHCH;MgBr [2] H30* 
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MgBr | н.о AX PBrs me дею ye a 


е 


20.73 
[1] me LL [1] [1] CHsMgBr H Њ80, _ H Ho Pd-C C 


b OH OTs 
p ES ee а pe Ed P 
OH [2] HzO pyridine 
РВгз a | "CN 
Mg Pw 
в `` `мав 
А 


[1] АНЕ он_ман_ о CHsCHsI_ 
IH > Рев». 


(+ И іѕотег) 


[1] Bro, РеВиз CY 
d. 
© [2] Mg e NG 


"uc. mCPBA 
[1] NaH твомз-с\ QTBDMS ТВОМЕ MS и 
e. HC=CH - "i ИН — CH,CHC= CH CH3;CHC=C CH4CHCEC 
[2] СНаСН=О imidazole [2] H20 
[3] ЊО БЫ | оњоњононњуме 
SS 
OH 
20.74 
Hp 
Hp Hp Hg | Hg 
О | IR peak: 1716 ст! (С=О) NaBH | H OH, | IR peak: 3600-3200 ст“! (OH) 
CH3 CH, 'H NMR: 2 signals (ppm) 4 CH3 CH, ‘HNMR: 4 signals (ppm) 
H H doublet 1.2 (Нь) CH4OH H H doublet 0.9 (На) 
H,7 СНз CH, ^H, septet 2.7 (Н.) НС“ Chs СН, singlet 1.5 (Ha) 
| | | multiplet 1.7 (Н;) 
Hp Hp NIIS triplet 3.0 (Hy) 
C7H460 
C7H440 B 
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20.75 
Не Но 
hoe 
OH a -1 
о [1] CgHsMgBr b 5 реак 200 3200 стт" (OH) 
HH, AN с а ————— en oH H NMR: 4 signals (ppm) 
Hy ~ H сн.—н [2] H2O p singlet (6 Н) 1.2 (Ha) 
bM | Ha Ha singlet (1 H) 1.6 (Hp) 
С C49H440 singlet (2 Н) 2.7 (Ho) 
1Н ММВ: 2 signals (ppm) D multiplet (5 H) 7.2 (benzene ring) 
singlet (6 H) 1.3 (H4) 
singlet (2 Н) 2.4 (Hp) 
20.76 
i He IR peak 1743 cm™' (С=О) N] ке шш Hb он, n IR peak 3600-3200 ст“! (OH) 
сну ^ ^OcH,ch, 'H NMR: 2 signals (ppm) 079 L Сн. сд, -с-сн,сн 'H ММВ: 4 signals (ppm) 
| ‚ triplet (3 Н) 1.2 (Н) [2] НО | СН. I triplet (6 Н) 0.9 (Ha) 
Siue Pb singlet (3 H) 2.0 (Н.) Ha | а singlet (3 Н) 1.1 (H,) 
idis quartet (2 Н) 4.1 (Hp) e s quartet (4 H) 1.5 (Hy) 
E i singlet (1 Н) 1.55 (Hy) 


20.77 Molecular ion at m/z = 86: CsH100 (possible molecular formula). 

Determine the number of integration units per H: 
Total number of integration units: 25 + 17 + 24 + 17 = 83 
83 units/10 H's = 8.3 units per H 

Divide each integration value by 8.3 to determine the number of H's per signal: 
25 units/ 8.3 = 3 H's 
24 units/ 8.3 = 3 H's 
17 units/ 8.3 = 2 H's 


О | б 
iene О aR ivi IR peak 1721 ст! (C=O) 
[2] H30* CH; CH3 H NMR: 4 signals (ppm) 
| HH f triplet (3 H) 0.9 (Ha) 
Коза Ha sextet (2 Н) 1.6 (Hp) 
На На singlet (З Н) 2.1 (H,) 


triplet (2 Н) 2.4 (Hg) 
20.78 Molecular ion at m/z = 86: С5Н 0 (possible molecular formula). 


Hp на На ІА peaks: 3600-3200 ст“! (OH) 


} ' 1651cm^! (С=С) 
| CHsH H 1 A 

N [1] (CH3)3CLi WA OS H NMR: 6 signals (ppm) 

ü 27 OH singlet (1 Н) 1.7 (Ha) 
2] CH;-O | | 

* К P HoH НН | singlet (3 H) 1.8 (Hy) 

2 | i | а triplet (2 Н) 2.2 (Н) 

Hp 79 7 triplet (2 H) 3.8 (На) 

H two signals at 4.8 and 4.9 


due to 2 H's: He and Н; 
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20.79 
Hp He —1 
[1] CH,MgBr | | IR реак 3600-3200 ст“! (OH) 
ГО Eu ME e ^^ он 1H NMR: 5 signals (ppm) 
[2] НО ! i | triplet (3 H) 0.94 (Н,) 
Ha с Hg multiplet (2 Н) 1.39 (Hy) 
multiplet (2 Н) 1.53 (Ho) 
singlet (1 Н) 2.24 (Hg) 
triplet (2 H) 3.63 (H,) 
(A. onvas 
B ii i «^он + HOMgBr 
H—OH 
" 
20.80 
О OH OTBDMS 
вг [1] (R)-CBS Br Br 
reagent TBDMSCI 
HO BIO ро imidazole —— TBDMS—O A 
COOCH; COOCH; (e edu) COOCH; 
HO. AN [1] NaH »- Br. AL NN 
Ce Hs о 
[2] ВУК Br 
NH3 
Нм ТИКА АС 
В 
OTBDMS 
H 
А + B Ne ad уе м м Оё 
TEDNMSTO [1] LiAIH, 
COOCH [2] HO 
OTBDMS 
H 
Му ар а ОЕ 
ТВРМӘ=О (СНЫСН,СН,СН,),МЕ 
ОН 


(R)-salmeterol 
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20.81 
larger group 
equatorial 
OH —— axial 
[1] L-selectride | MT 
(cnc о t оно Jon = (СНз)зС А 
[2] H20 | 
4-tert-butylcyclohexanone cis-4-tert-butylcyclohexanol equatorial 


major product 


L-Selectride adds H to a C=O group. There are two possible reduction products—cis and trans isomers— 
but the cis isomer is favored. The key element is that the three sec-butyl groups make L-selectride a large, bulky 
reducing agent that attacks the carbonyl group from the less hindered direction. 


с (од он ахја! 
ui cc и у шун equatorial 
(СНз)зС "> (СНз)зС | (СНз)зС 
R3B—H equatorial cis product 


When H- adds from the equatorial direction, the product has an axial OH and a new equatorial 
H. Since the equatorial direction is less hindered, this mode of attack is favored with large 
bulky reducing agents like L-selectride. In this case, the product is cis. 


ВзВ—Н 
Axial H's hinder ) 


axial ое Н -—— axial H axial 
T p——— — Но . 
(СНз)зС xd "MT (CH,C 27 TOH equatorial 


trans product 


The axial H's hinder H^ attack from the axial direction. As a result, this mode of attack is more difficult with 
larger reducing agents. In this case the product is trans. This product is not formed to any appreciable extent. 


20.82 The В carbon of an a; f-unsaturated carbonyl compound absorbs farther downfield in the "С 
NMR spectrum than the a carbon, because the В carbon is deshielded and bears a partial positive 
charge as a result of resonance. Since three resonance structures can be drawn for an о,В- 
unsaturated carbonyl compound, one of which places a positive charge on the f carbon, the 
decrease of electron density at this carbon deshields it, shifting the "С absorption downfield. 
This is not the case for the a carbon. 


122.5 ppm 2s 
5- 


JJI Аа Pg Lun dd 
150.5 — => A = ~ 
diim м2 M S AS 


mesityl oxide 
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20.83 
N(CH3); 
CH,CN ou CPeNHe Эй 
[1] Li* Gam ПВА. 
NEL H20 
OCH, OCH; 
[3] H20 X Y venlafaxine 
СБ Но NO; 
Е ӧн 
"M dim. E ss :0: 
МСН(СН) 2 нон NO zi 
ie OCH; 
OCH3 OCH3 OCH3 
+ пон 


+ HN[CH(CH3)2]2 
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Chapter 21: Aldehydes and Ketones—Nucleophilic Addition 


* General facts 


e Aldehydes and ketones contain a carbonyl group bonded to only Н atoms or R groups. The carbonyl 
carbon is sp? hybridized and trigonal planar (21.1). 

• Aldehydes are identified by the suffix -a/, while ketones are identified by the suffix -one (21.2). 

e Aldehydes and ketones are polar compounds that exhibit dipole-dipole interactions (21.3). 


+ Summary of spectroscopic absorptions of RCHO and R,CO (21.4) 


IR absorptions C-O ~1715 cm ! for ketones 
* increasing frequency with decreasing ring size 
~1730 cm ! for aldehydes 
* For both RCHO and R2CO, the frequency 
decreases with conjugation. 


C,-H of CHO  -2700-2830 cm ' (one or two peaks) 


'H NMR absorptions CHO 9-10 ppm (highly deshielded proton) 
С-Н a to C=O 2-2.5 ppm (somewhat deshielded С»-Н) 
ВС NMR absorption C=O 190-215 ppm 


+ Nucleophilic addition reactions 
[1] Addition of hydride (НУ) (21.8) 


[9] OH 
m „Мав ОНОН, R-C—H(R) * The mechanism has two steps. 
QE NS 1 or e i = 
R (R) ши АН, [2] HO н Н: adds to the planar С=О from 
1° or 2° alcohol both sides. 
[2] Addition of organometallic reagents (R`) (21.8) 
О n 77 OH 
п аага or RILI А R-C-H(R) * The mechanism has two steps. 
R^ ^H(R) [2] H20 Пе e В: adds to the planar С=О from 
both sides. 


19, 29, or 3° alcohol 


[3] Addition of cyanide ( CN) (21.9) 


• The mechanism has two steps. 
e “CN adds to the planar C=O from both 
cyanohydrin sides. 
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[4] Wittig reaction (21.10) 


/ 
\ 
О + PhgP \ 


(R)H (ВН 


Wittig reagent alkene 
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The reaction forms a new C-C o bond and a 
new C-C л bond. 
Ph;P—O is formed as by-product. 


[5] Addition of 1° amines (21.11) 


: R"NH; 
Den -—— 
(вн mild acid 


The reaction is fastest at pH 4—5. 
The intermediate carbinolamine is unstable, and 
loses H20 to form the C-N. 


АМН 


mild acid 


The reaction is fastest at pH 4—5. 
The intermediate carbinolamine is unstable, and 
loses H20 to form the C=C. 


R-G-H(R) 
OH 
gem-diol 


The reaction is reversible. Equilibrium favors 
the product only with less stable carbonyl 
compounds (e.g., H;CO and Cl;CCHO). 

The reaction is catalyzed with either H' or OH. 


+ R"OH 
(2 equiv) 


+ Other reactions 
[1] Synthesis of Wittig reagents (21.10A) 


[11 Ph3P: • 
ВСНХ | ————————- Ph3P=CHR 
[2] Bu— Li 


* The reaction is reversible. 

e The reaction is catalyzed with acid. 

e Removal of H20 drives the equilibrium 
to favor the products. 


Step [1] is best with CH3X and RCH»?X since the reaction 
follows an $42 mechanism. 
A strong base is needed for proton removal in Step [2]. 
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[2] Conversion of cyanohydrins to aldehydes and ketones (21.9) 


This reaction is the reverse of cyanohydrin 
formation. 


C. 
R^^HR) | + њо 


aldehyde or | + -CN 
ketone 


OH 
R-C-H(R) 
COOH 
a-hydroxy 
carboxylic acid 


[4] Hydrolysis of imines and enamines (21.12) 


NR МВ, 
H H20, Н+ H 

e or аи = |(R)H + АМН» or ВЫМН 
imine enamine aldehyde or 


ketone 


[5] Hydrolysis of acetals (21.14) 


OR" ТА * The reaction is acid catalyzed and is 
R-C-H(R) + ЊО p C um | „РОН the reverse of acetal synthesis. 
OR" (R) | (equiv) • A large excess of H20 drives the 


Idehyd Se 
шш equilibrium to favor the products. 
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Chapter 21: Answers to Problems 


21.1 As the number of R groups bonded to the carbonyl C increases, reactivity towards nucleophilic 
attack decreases. 


a.  (CHg;C-O | CH,CH-O  CH?-O b. о a Е 


2Rgroups 1Rgroup OR groups 
SS 


Increasing reactivity === 


decreasing alkyl substitution Increasing reactivity 
decreasing steric hindrance 


21.2 More stable aldehydes are less reactive towards nucleophilic attack. 


benzaldehyde cyclohexanecarbaldehyde 
Several resonance structures delocalize the partial This aldehyde has no added 
positive charge on the carbonyl carbon, making resonance stabilization. 
it more stable and less reactive towards 
nucleophilic attack. 


:0: > :0: 


:0: Teri 

C. N C. X C. E 

H IH ZW H 
O*— ЕД "67 

:Ọ: Dé | О: 

on n" Ee _ Фе 

+ 


21.3 • То пате an aldehyde with a chain of atoms: [1] Find the longest chain with Фе CHO group and 
change the -e ending to -a/. [2] Number the carbon chain to put the CHO at СТ, but omit this 
number from the name. Apply all other nomenclature rules. 

* To name an aldehyde with the CHO bonded to a ring: [1] Name the ring and add the suffix 
-carbaldehyde. [2] Number the ring to put the CHO group at C1, but omit this number from the 


name. Apply all other nomenclature rules. 


CHO CHO 


2 1 


а. (CH3)&CC(CH3);:CH?2CHO c. 


CI CI 
Ci 34 


4 
5 | 321 У 
сы AL 4 C ring = 3,3-dichlorocyclobutane- 
Ó О cyclobutanecarbaldehyde carbaldehyde 


5 С chain = pentanal — 3,3,4,4-tetramethylpentanal 


CHO 


8 C chain = octanal 2,5,6-trimethyloctanal 
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21.4 Work backwards from the name to the structure, referring to the nomenclature rules in Answer 
21,3. 


a. 2-isobutyl-3-isopropylhexanal c. 1-methylcyclopropanecarbaldehyde 


6 C chain O 3 carbon ring CHO 
Pu 
H 
b. trans-3-methylcyclopentanecarbaldehyde d. 3,6-diethylnonanal 

CHO CHO ; 

5 carbon ring Б 9 C chain " 

ог 

/ О 
Сн» СНа 


21.5 * To name an acyclic ketone: [1] Find the longest chain with the carbonyl group and change the -e 
ending to -one. [2] Number the carbon chain to give the carbonyl C the lower number. Apply 
all other nomenclature rules. 

* To name a cyclic ketone: [1] Name the ring and change the -e ending to -one. [2] Number the 


C's to put the carbonyl C at C1 and give the next substituent the lower number. Apply all other 
nomenclature rules. 


а: | 1—3 ^ 5 с. (СНз)зССОС(СНз)з 
| 


i 2 4 
козо 5-ethyl-4-methyl-3-oct О » 
octanone -e -4-те -3-octanone m 
* " 5С спа" = 2 2 4.4-tetramethyl-3-pentanone 
pentanone 
СНз СНз 
(СНз)зС (СНз)зС 3 [o 
b. —о =0 
1 
5 С ring = 


cyclopentanone 3-tert-butyl-2-methylcyclopentanone 


21.6 Most common names are formed by naming both alkyl groups on the carbonyl C, arranging them 
alphabetically, and adding the word ketone. 


a. sec-butyl ethyl ketone d. 3-benzoyl-2-benzylcyclopentanone 


| 


benzyl group: benzoyl group: 5 C ketone 6 С ketone 


О P | 
b. methyl vinyl ketone f. 3-ethyl-5-hexenal 


Wa 
N 
y 
^Y У "y 
О Z CHO 
c. p-ethylacetophenone о cH) 
О a 


e. 6,6-dimethyl-2-cyclohexenone 
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21.7 Compounds with both a C-C double bond and an aldehyde are named as enals. 


a. (2Z)-3,7-dimethyl-2,6-octadienal b. (2E,6Z)-2,6-nonadienal 
Ах. V2 7 3 Ho 
6 55s SS 
1CHO 6 2 
neral cucumber aldehyde 


21.8 Even though both compounds have polar C—O bonds, the electron pairs around the sp? 
hybridized O atom of diethyl ether are more crowded and less able to interact with electron- 
deficient sites in other diethyl ether molecules. The O atom of the carbonyl group of 2-butanone 
extends out from the carbon chain making it less crowded. The lone pairs of electrons on the O 
atom can more readily interact with the electron-deficient sites in the other molecules, resulting 
in stronger forces. 


:0: 
2-ршапопе diethyl ether 


21.9 For cyclic ketones, the carbonyl absorption shifts to higher wavenumber as the size of the ring 
decreases and the ring strain increases. Conjugation of the carbonyl group with a С=С or a 
benzene ring shifts the absorption to lower wavenumber. 


а. “СНО о GO b. or D=o 


conjugated C=O higher wavenumber 


smaller ring 
lower wavenumber 


higher wavenumber 


21.10 Since a charge-separated resonance structure can be drawn for a carbonyl group, more electron 
donor R groups stabilize the (+) charge on this resonance form. The two R groups on the ketone 
C=O thus help to stabilize it. 


ГО: :б: 
В”, `В R `В 
х У L 
With an aldehyde, only one electron-donor R: With a ketone, two electron-donor R groups: 
:0: :0: :0: i: 
C с C C 
CH&4CH;CH?CH;CHg ^ ^H | CH4CH;CH,CH;CH4 + ~H CH3gCH3~ “СН»СНЬСН: СНзСН + " CH2CH5CHs 
x x ж "x x x 
The H of RCHO does not stabilize the charge-separated The 2 R groups stabilize the charge-separated resonance 
resonance structure, so it contributes less to the hybrid. structure, so it contributes more to the hybrid. 
The С=О has more double bond character. The С=О has more single bond character. 
higher wavenumber weaker bond 


lower wavenumber 
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21.11 The number of lines in their ^C NMR spectra can distinguish the constitutional isomers. 
О 


2-репїапопе 


3-pentanone 3-methyl-2-butanone 
5 lines 3 lines 4 lines 
21.12 
[1] DIBAL-H [1] ВН. Sete tet 
а. CH3CHsCH,COOCH3 —— —— — —*- CH3CH2CH»2CHO = —— — —- CH3CH2CH2CH 
gU rou Ho 3 [2] HO зе: Ho с. HC=CCH,CH, [2] H505, HO- gU пр Ho 


P 
b. сн,сн,сн,сн,он СС 


1] О. 
CH3CH?CH;CHO d. CH4CH,CH,CH- CHCH;CH;CHs Е CH4CH,CH,CHO 
[2] Zn, НО 
21.13 
д i i 
Cl” “Сн; = H20 
a. с. ( C=CH - 
АС \_/ HSO, 
HgSO, 
о О 
[1] (CH3);CuLi 
CI 
b [2] H2O 
21.14 
CH,0._/OCHs сно OCH; 
S- [1] Os OHC% e CHO 
(> / [2] (CHs)28 
Cleave this C=C with O3. 
21.15 
co О -—— weaker base 
ZN —C-- Equilibrium favors the weaker base. 
LiAIH, ) H The Н“ nucleophile is a much stronger base than 
or — —— H:- the alkoxide product. 
NaBH, 


21.16 Addition of hydride or R-M occurs at a planar carbonyl C, so two different configurations at а 
new stereogenic center are possible. 


О 


Add 
PE NaBH, P stereochemistry: AU E P 
a. CH3OH | 


new stereogenic 
center 


Add 
О On tereochemistry: 
[1] CH2- CHMgBr CH=CH, stereochemistry: CH=CH, ou 
b. [2] H,O Е | Је + ds 
H 2 
(СНз)зС (СНз) (СНз) зС (СНз)зС 
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21.17 Treatment of an aldehyde or ketone with NaCN, НСІ adds HCN across the double bond. Cyano 
groups are hydrolyzed by H3O' to replace the 3 C-N bonds with 3 C-O bonds. 


OH enzyme С enzyme C. 
Q бы 
amygdalin toxic 
by-product 
21.19 
СНз СНз 
а. ;c-0 + РҺР=СН, - с=сн» 
СНз СНз 


р. ӨЕ + PhP=CHCH;CH;CH;CH3 MD 


21.20 
+ BuLi 
а. РР: + Br-CH;CHg —— Ph3P-CH,CH, ——= PhgP=CHCHs 
Br 
+ BuLi 
b. РҺР: + Br-CH(CH3)> —— Ph3P-CH(CH3)2 ———- Ph3P=C(CHs)o 
Br 
+ BuLi 
c. PhP: + Br-CH2C6H5 LL РААР-СНСеН5 —- Ph3P=CHCgHs 
Br 
21.21 


a. + Ph3P=CHCH,CH3 E T 
CH2CH3 


Bs WE, 
СЗ eem — а; 
HO COOCH; Ec 
+  PhP-CHCOOCH, —= + 
соосњ 


о 


C. 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 543 


Aldehydes and Ketones 21-9 


21.22 To draw the starting materials of the Wittig reactions, find the С=С and cleave it. Replace it 
with а C=O in one half of the molecule and a C-PPh; in the other half. The preferred pathway 
uses a Wittig reagent derived from a less hindered alkyl halide. 


CH, | сњењ CH3 CHCH CH CH;CHs 
a. с=с, —— =РРә + 0=С ог С=О *PhP-C 
CH3 : H CH3 H CH3 H 
' 2° halide precursor 1° halide precursor 
(CH3)2CHX XCH2CH2CH3 
preferred pathway 
CH4CH5 ' СЊСНа СНзСН» СЊСНа 
b. Ne tal \ / А 
Gee. => С=РРћ + о=с, (only one route possible) 
H i H H H 


Сењ | сна СЕЊ Он» Сена, сна 
N 1 
сес => С=РР + O=C or С=О + PhgP=C 
нон H H H H 


(cis or trans) (both routes possible) 
1? halide precursor 


1? halide precursor 
CgHsCHoX 


XCH5CHs 


21.23 
a.  Two-step sequence: 


О 
[1] СНзМаВг H»SO, 
+ > + 2 
[2] ЊО 


н sequence: 


minor product  tetrasubstituted (Еапа 2 


major product isomers) 
Ph3P-CH; 
~ e only product 


Two-step sequence: 


[1] CeH&CH;MgBr OH H 
E ai аға p504. CHO, + CH2CsH5 
[2] HzO CHsCgHs 


. tri titut trisubstituted 
One-step sequence: козы ын 
Г ~ Басе 2-8 CHC,Hs only product 


21.24 When a 1° amine reacts with an aldehyde or ketone, the C=O is replaced by C=NR. 


= CH3CH,CH»CH»NH> 
у OH2CH2CH2CHa CH4CH;CH;CH;NH 
с. hal adluit c ЕЦ ME 


О 
CH3CH5CH;CH5NH5 
b. = g 
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21.25 Remember that the C-NR is formed from a C=O and ап NH» group of a 1? amine. 


CH3 CH3 
N 
a. ко = т + МНСНЫСНСНа 
b. "EET <) — Ch; =O + № » 
21.26 
9 overall ~ SAAN ~ SAAN 
| reaction xs 
К < < но 
Q H^^N bi SNC iut 
Q О; rhodopsin ~OPSIN + OPSIN 
11-cis-retinal N, Е 
NH; -OPSIN + но 
nucleophilic 
attack 
рот proton чы SS AŢR 
EN transfer ~ 
T “+ 
OPSIN—NH;-C-O: OPSIN—NH —C- OH 
ји WT т? 
H H 
+ HÖ 
21.27 
М(СНз)2 N(CH3)2 
CH3 
N—H 
/ + 
СНз 
21.28 


m carbon has four bonds to C's. To make an enamine, it needs 
a Н atom, which is lost as НО when the enamine is formed. 


21.29 * Imines are hydrolyzed to 1? amines and a carbonyl compound. 
* Enamines are hydrolyzed to 2? amines and a carbonyl compound. 


a {о һи) 
ітіпе 1° атіпе 


А + == 


епатте 2° атте 
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с. (СНз)›МСН=С(СНз)› 


О 
(снумн +  C-CH(CH3); 
А Н+ "" H 
enamine 2? amine 
21.30 * A substituent that donates electron density to the carbonyl C stabilizes it, decreasing the 
percentage of hydrate at equilibrium. 
* A substituent that withdraws electron density from the carbonyl C destabilizes it, increasing 
the percentage of hydrate at equilibrium. 


a. CH&4CH;CH;CHO ог CH4CH,COCHs b. | CH&4CF;CHO or CH4CH,CHO 
one В group on С=О 2 R groups F atoms are electron withdrawing. 
higher percentage of hydrate on С=О higher percentage of hydrate 

21.31 

peo) H 

O-H HOH +6-H do oW v E ta 

O& Og — Oc — On 
б-н (б-н 17 е 
5 (+ 1 resonance 
2 structure) 


21.32 Treatment of an aldehyde or ketone with two equivalents of alcohol results in the formation of an 
acetal (a C bonded to 2 OR groups). 


È O О 
он TsOH 
a. [= + 2CH,oH OË м. b. A + HON e LN 
OCH3 
21.33 
OCH3 OCH; О 
OCH; о d OH 
2 OR groups 2 OR groups 2 OR groups 1 OR group and 
on different C's on same C on same C 1 OH group 
2 ethers acetal acetal on same C 


hemiacetal 
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21.34 The mechanism has two parts: [1] nucleophilic addition of ROH to form a hemiacetal; [2] 
conversion of the hemiacetal to an acetal. 


Л о О 


TsO-H 
* HOCH2CH20H + H2O 
overall reaction 


+ x ва: 55 
:0-H :0-H наку CH,CH,OH НО: :9- СН>СН2ОН 


+ TsO + TsO-H 


HOCH,CH,0H hemiacetal 
п 
HO: :O—CH,CH,OH H-fÓ: :0- CH;CH;OH c9- CH CHOH s CH2CH20H 


AS 
15028 
— HÀ + H,O: 
+ TsO^ 


:O-CH,CH,OH Га AE 


. 03 TsO 
= О; О H 
carbocation 
re-drawn 
21.35 
СНО OCH; H»SO, о О HSO, о 
а. + He 2C. + 2 СНзОН С: Ks H20 Cet 
CH; СОН» О СНУ СОН» 
b. ><? + њо = i 
b ced А сну ^он, * HOCH,CH,OH 
21.36 
О PA O HO Ж 
ов" ТҮ 
о He. Ho n HO 
safrole formaldehyde 


21.37 Use an acetal protecting group to carry out the reaction. 


О | \ л О 
оо | _ О „0 
HOCH;CH;OH [1] СНзЫ (2 equiv) нзо* 
TsOH [2] H2O 
COOCH;CHs COOCH,CH, 


OH OH 
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21.38 
C1 са 
ОН 
О jd = OH 
о -— C1 
=— CA 
| OH 
5 C1 C5 C1 
21.39 The hemiacetal OH is replaced by an OR group to form an acetal. 
OH OCH2CH3 OH OCH2CH3 
HO HO 
О H* О О H* О 
а. + CH3CH2OH b. + CH3CH20H 
HO HO 
О О 
acetal acetal 
HO, О О, 
HO" ој ^-^ Ho" О 1 
» acetal ОН 
monensin ОН digoxin 
hemiacetal 
Ether O atoms are indicated in bold. 
21.41 
но OH Ho OH 
a. d. OH 
5 stereogenic centers HO TS 
(labeled with *) OH 
Ho OH 
| о но OH но ОН 
` HO -— hemiacetal C E e А 9 
OH T HO OCH, HO 
a-D-galactose in OF cu, 
но OH 
с. 9 
HO OH 
OH 


p-D-galactose 
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21.42 Use the rules from Answers 21.3 and 21.5 to name the aldehydes and ketones. 


re-draw 


A 

H 

4 C - butanal 
3,3-dimethylbutanal 


а. (CH3);|CCH;CHO 


5 С = pentanone 
2-chloro-3-pentanone 


8 С = octanone 
8-phenyl-3-octanone 
5 C ring 


2-methyl- 
cyclopentanecarbaldehyde 


6 C ring = cyclohexanone 
5-ethyl-2-methyl- 
cyclohexanone 


6 C ring = cyclohexanone 
5-isopropyl-2-methyl- 
cyclohexanone 


CHO 
9. СТ trans-2-benzylcyclohexanecarbaldehyde 


"CH5Ph 
21.43 


a. 2-methyl-3-phenylbutanal 


О 


Ы, 


с. 3,3-dimethylcyclohexanecarbaldehyde 


b. dipropyl ketone 
CHO 


d. a-methoxypropionaldehyde 


OCH3 


e. 3-benzoylcyclopentanone 


О 


О 
C re-draw 
Бене енен 


5 C = pentanone 
2,2,4-trimethyl- 
3-pentanone 
(common name: 
tert-butyl isopropyl ketone) 


o-nitroacetophenone 


А oes 
i. 
МО; 


j. 6 С = hexanal 
CHO 3,4-diethylhexanal 
О Е 
к у | 
(BE)-2,5-dimethyl-5-octen-4-one 


8 C = octenone 
Z CHO 6 C = hexenal 
3,4-diethyl-2-methyl-3-hexenal 
f. 2-formylcyclopentanone 
О 
Аке 


CHO 


g. (8R)-3-methyl-2-heptanone 


h. m-acetylbenzaldehyde 


О 
i. 2-sec-butyl-3-cyclopentenone О 


j. 5,6-dimethyl-1-cyclohexenecarbaldehyde 
CHO 
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21.44 
О О О О О 
Ро H Ko y we 4 
hexanal 2-ethylbutanal 2,2-dimethylbutanal 4-methylpentanal 3,3-dimethylbutanal 
О IL O О 
(2R)-2,3-dimethylbutanal (2S)-2,3-dimethylbutanal (2R)-2-methylpentanal (2S)-2-methylpentanal 
(3S)-3-methylpentanal (3R)-3-methylpentanal 
21.45 
H 
СУТ = OCgH&CH?CHO  phenylacetaldehyde 
О 
(СНСН,) МН, mild acid OH | 
а. NaBH,, СНзОН Ce H,CH,CH,OH g. - (E and Z isomers) 
N(CH2CH3)o 
b. [1] LiAIH,; [2] H2O 
О - -__ -_--|_ = CgHsCH2CH2OH 
с. [1] СНзМоВг, [2] НгО n, СНЭСН2ОН (excess), H* OCH2CH; 
| CgHsCH2CH(OH)CHg | - OCH;CH; 
` NaCN, HCI | ca CH;CH(OH)CN 


e ЕНЕ SH 
* PhsP=CHCH p i 
— 0$ - сьньСн„ОН=СНСН» | NH N (E and Z isomers) 
(E and Z isomers) : milä:acid CJ 


+ (Снаснмн; H up ^0 [e 
mild acid МСН(СН:)› |]. Н+ - 


21.46 
О 
pu 2-heptanone 
NC, OH 
a. NaBH,, СНОН pM" d. Мас, HCI 
CHCH 


OH = . 

p илн но ДО ~ е Рер=снењ Д (End Z isomers) 
ОН | А МСН(СНз)2 

c. [1] CHsMgBr; [2] H2O bap f. (CH; CHNH,, mild H* 
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N(CH5CH3)o N(CH5CH3)o 


(CHsCHz)oNH, mild Н? < М 


9. 
(Е апа 2іѕотегѕ) 


h. СНзСН»ОН (excess), Н? ЗОН, Вена 


> 


OH И. 
j. Ho wf от 
H* 
21.47 
H 
Е Phs3P=CHCOOCH == 
=: [ 0 PhsP=CHCH,CH3 MT c. [сено з 3 
H COOCH; 
+ 
COOCH; 
н н 
РР- Y PhgP=CH(CH;)s;COOCH 
р. [ско EF d. (>= gP —CH(CH3)s s ME 
H 
21.48 
[1] Ph3P [1] PhP 
а. CHa3CH5CI CH3CH=C(CH3)o C. O CH,CI > | CH=CHCH,CH,CHs 
[2] BuLi [2] BuLi А 
[3] (CHg);C-O [3] CH.CH;CH;CHO (E and Z isomers) 
[1] Ph4P 
b. ( om "t 
[2] BuL i 
[3] CeH&CH;CH;CHO (E and Z isomers) 
21.49 
а. РАРЕСНСЊСЊСНа ===> BrCHsCH»CHsCHg C. Phs3P=CHCH=CH, ===>  BrCH?CH-CH; 


b. = PhgP=C(CH2CH2CH3)2 == > BrCH(CH;CH;CH3)e 
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21.50 
HO CHO COOH 
В [1] внз С АФО ој 
O  mnjucecH НО C=CH LN NH4OH 
А о 
[2] H,O TBDMSO TBDMSO 
D Но E TBDMS-CI Е [1] CHgLi 
Н804 [— N [2] НО 
(CHsCHpCHpCHp)4N*F- [в 
НО 
ОН 
21.51 
mild 
a. CH3;CH,CHO + нм) - он;он.он=н—( > 
acid 
HOCH;CH;OH o 
b. О > X J 
H* О 
H,0* NZ 
с. d» di di di + HN 
М „ч. О 
О 
pw 4 | \ mild l у 
CeHs N acid А ; 
H (E and Z isomers) 
"E 
HO. (CN H4O*A HO, СООН 
~ 3 П 
B K 
СНЕ `СеНь CeHs СН5 


CH4CH,OH 
в [od | у-осњон, 
О О 


од 
‚О-О us odi + HN ) 
OCH; 
h. сно > сно О + HOCH, 
OCH; 


21.52 


К OCH;CH; A 
a. i e + HOCH2CH3 


О 

О 

X 
o 


OCH; OCH; + HOCH,CH3 


О 


ОСН; О HO H 
+ HOCH; e і 
OCH2CH3 
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21.53 Consider para product only, when an ortho, para mixture can result. 


Br 
Вг, снасос! О VN HOCH2CH20H ( 0 Mg (^о 
FeBrg АІСІз 
B 
A è D 
[1] CH.CHO 


S 5 B = тад à 


G F E 
21.54 
CH3CH2CH, | CH;CH;CH. 4 CH&CH;CH; H 
Ph3P-CHCH;CH;CH ~ : 
a. CH34CH5CH;CHO 3 рача. с=6 " С=с 
H H H | CH;CH;CHs 
О 
NaCN HO, CN NC, OH 
b. = + S 
pw HCI Pu р 

с Ба Кары OH + он 

CH30H 

СНзСН» CH3CH; CHCH 

CH4OH 

d. HO HO О + НО О 
HCI / 
OH OCH; OCH; 
21.55 
new stereogenic center 
О OH о ОН О ОН А : : 
CHO ^ n equal mixture of enantiomers 
но СК — === T results, so the product is optically 
inactive. 
A 
achiral new stereogenic center 
о A mixture of diastereomers results. 


Both compounds are chiral and 


H H H 

S CHO СА ој “NO 2 
Pau S os [=o F [5 OH they are not enantiomers, so the 
HO HB 


mixture is optically active. 
chiral 
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21.56 
en. acetal 
a. HO,,, 
acetal о" 
acetal 


CH4O OCH, 


OH 
b. Lines of cleavage are drawn in. 


+ + CH4CHO 
+ СН=О 
21.57 Use the rule from Answer 21.1. 
О 
О О О 
а. Ди рт Аа b. Бая ~ A 
о О 
———— > 
Increasing reactivity Increasing reactivity 
decreasing steric hindrance decreasing steric hindrance 


О но НО OH Less stable carbonyl compounds give a higher percentage of hydrate. 
Cyclopropanone is an unstable carbonyl compound because the bond angles 
around the carbonyl carbon deviate considerably from the desired angle. Since 
the carbonyl carbon is sp? hybridized, the optimum bond angle is 120°, but the 
three-membered ring makes the C-C-C bond angles only 60°. This destabilizes 
the ketone, giving a high concentration of hydrate when dissolved in H20. 


21.59 Electron-donating groups decrease the amount of hydrate at equilibrium by stabilizing the 
carbonyl starting material. Electron-withdrawing groups increase the amount of hydrate at 
equilibrium by destabilizing the carbonyl starting material. Electron-donating groups make the 
IR absorption of the С=О shift to lower wavenumber because they stabilize the charge-separated 
resonance form, giving the С=О more single bond character. 


553 


554 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 21—20 


ом) сосн сњо) сосн, 


p-nitroacetophenone p-methoxyacetophenone 
a. МО» withdrawing group СНзО donating group 
less stable more stable 
b. higher percentage of hydrate lower percentage of hydrate 
с. higher wavenumber lower wavenumber 


21.60 Use the principles from Answer 21.22. 


СЕЕН | Ри Shae СН>СН»СНз Оса CH2CH2CH3 
a ETG == С=О + PhgP=C or C=PPh3 + o-G 
сњењ | H CH,CH, H CHCH% H 
1° alkyl halide precursor " А 
(XCH;CH;CH;CHs) 2 СНС, irr d 
preferred pathway 37 2/2 
Chg ео Cha CH2CH3 Cha CH2CH3 
5 eq > 0=0 + PhP-Q or СЕРРиз + O=C 
H i H H H H | H 
1° alkyl halide precursor 1° alkyl halide precursor (Both routes possible.) 
(XCH2CH2CH3) (XCH2CH3) 


PPh 


О 
с. P => pu А. + Ph4P—CH; or mw * CH2=0 


methyl halide precursor 
(CH3X) 
preferred pathway 


г Сене СеН5 Сен 
а. ‹ = ===> О + РР or ( ys + o= 
| | | H 


1? alkyl halide precursor 2? alkyl halide precursor 
(СеН5СН»Х) 
preferred pathway {ух 
21.61 
О О 
а. с. [ =: => = + HOCH,CH,OH 
= = о– | о H 
T 
NH; 
b. " у == = + HN У d. CHO euis OCHO оаа 
OCH3 + HOCH О 


2? alkyl halide precursor 
(CH3CH2CH2CHXCH3) 
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21.62 
[1] Os 
a. CeHg-CH;OH CgHs-CHO f. CgHs-CH=CH> CgHs-CHO 
[2] Zn, НО 
[1] ШАІН[ОС(СН;)з]з 
_ H20 
b. CgHs—COCI р ~ CgH;-CHO 9. CeHg-CH-NCH;CH;CH3 А СН5-СНО 
1] DIBAL-H н.о 
с. сн: соосн, 11 Сену СНО п. CeHs-CH(OCH;CH;) 2 Cc Hs-CHO 
[2] њо ш 
[1] ЧАН, РСС 
d. CgHs-COOH CgHs—CH2OH CgHs—CHO 
[2] H20 
[1] LiAIH, PCC 
e.C4H,-CH, -KMnO4 , Сен,-СООН CgHs-CH OH Сен СНО 
[2] НО 
21.63 
| H2O 

" c. Снусос! (CHaCHa)2CuLi е. сњо=сон тс ^ Y. 

о т и 

с! н.о 

b. (CH3);CuLi d. CH3CH,C- CH 

ћи = ^Y а mso, ^ Y 
21.64 

. Ра 2 27 preferred route 
а. One-step sequence: Lu dip only one product formed 
OF OH 
о 
ООВ — Pau [1] CH3CH»CH,MgBr enw Н8504 ond | Фин 
а [2] H2O 
p S 


b. One-step sequence: 


or 


preferred route 
only one product formed 


сно PhsP Md OT 


CHO чу (CHg)>CHMgBr H»SO, 
Two-step sequence: 
[2] H20 
4 other alkenes that result from 
carbocation rearrangement 
21.65 
а. CH4CH,CH,CH-CHCH; 
| РСС CHO 
One possibility: СОТО ТОН = И ШЕР CHO 
3 
Сон NBr ЕТМ PhsP—CHCHs ~ CH3CH;CH;CH-CHCHs 


(E and Z) 
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b. C&H&CH- CHCH;CH;CHs 


CH40H 
One possibility: [soc 
2 


“НО 
© CHsCI Cy Вг; С” Br [PhP O HsCH=PPhs (romaj ~ бењен=снононсњ 
АСВ hv рин | (Еапа 2) 


C. == 
он Dee )-o 
ОН bar, Br [1] РЊР i 
21.66 
PCC HOCH;CH;OH О 
E OH О Bs а B 
H2 4 О 
PhgP=CHCH,CH3 
(from a.) 
‚| [1] PhP | 
CHgCH2CH20H СНЗСН»СНЬВг — РизРЕСНСНЬСНз 
[2] BuLi 
НМСНСН,СНз 
- - > NCH2CH2CH3 
mild acid 
(from a.) | МН. (excess) 
BrCH2CH2CH3 
| РВгз 
HOCHsCH2CH3 
"сс OH о 
T MgBr 
TH H2C=0 | О РСС H 
[2] орно — MgBr 
(from a.) [1] 
он |[2] H20 


CHsCH,OH 
СОСНЫ» = 2999. = 
TsOH 
2 
о 
е [1] OsO, OH = pA 
[2] NaHSO;, НгО ou TSOH о 
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CH4OH 

| soc 

CH,CI KMnO, [1] ЦАН, 
a; P: АСЬ K Ja { ооо [2] H2O 


PPh 
P / 3 
РР» 
О” Q9 — Qo 


(E and Z isomers) 


Cp 
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H PCC 


О 


CHCI 
| OH fromaj OH јан OCH, Bro OCHs pic. n4), OCH, 
' АСВ [2] CHBr ћу 
(+ ortho isomer) (ев Вг *P(CgHs)s 
CH4OH "RS 
Br |виџ 
OCHs 
CH30 N # CH=CH \ 7, C(CH3)3 
(CH3),COH (E and Zisomers) coe 
на! 
(СНз)з СС! C(CHs)s inom ai O(CHs)s KMnO, С(СНз)з [1] LiAIH4 C(CHa)s 
АСВ Аб [2] H2O 
HOOC [3] РСС ОНС 
‚ЖЕ isomer) 
21.68 
n HOCH;CHjOH о, о PB J | [1] Mg оо 
a; pP EN EG Ox Ad ^PYCHO4CO- p M 
H* DX. в [2] (CH); C0 OH 
PCC ВЯ | 
OH -)-o |H.0. н 
an [1] LiAIH, о 
[2] H2O 
OH OH 
CH3CH;CH;OH 
PCC 
m | о 
оо H]PhP о o CH4CH;CHO O, О H30* 
| Вг pmjBui 22 PP ha XL “оң-онсњон, ТТ 
(from a.) (E/Z mixture) 
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21.69 
i 
а Соно ECC С 
сну ^H 
о 
РВгз UD О HCH 
i NOTE: би s d PCC i CH3CH,OH ee oi 
= эш. [2]]H)O СНЕ ^CH;CH4 СНУ ~~CHsCH; TsOH о 
CHCH; 
Br. 2 NaNH NaH ans 
b. сньсньон 289. cH-cH, —2+ Prog 2. нсесн — 2... НСЕС ма“ 
е) 
nee 01 @ню 
[2] МаН$О., H2O Сн ^H 
oy ях о OH (from a.) 
== О «на OH == d ~ РСС == N 
\ TsOH 
21.70 
" о он 
" ~ - T мно(сна) ~ NHC(CH3)3 
mCPBA (СНз)зСМНЬ HO | — 
„о Ph о о 
x | нњо" 
OH 
ec amem 
HO + (СНз)2С=О 
albuterol 
21.71 


1 О 
Вг CHO Br BrMg 
ai idc dub ©. "T o 


o но 
H* 
eee 
CHO 
A 
21.72 
Jer Oe рз – Озу» 


+ Н; + Nat methoxy methyl ether 


\ о | acetal 
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D. „© © du б ~ О 
è Е 87 ен, .. л "^H 
+ H20 az HOCH3 


(The three organic products are boxed in.) od d. К 


oe + 
СН›=О| + H30 


21.73 


BU À H H H 
HO бн HO: | C 95 H 
т. : H—OH НО: 1, 
oe | 2 | eo 
+ А 
а. 
+ 
+ 
H-OH> (+ 1 resonance но 
2 structure) 
: ©. 07 ње 
+ + 7 NH 7 NH 
i El 7 ( ° x dis 
+ ‘НЕОН (+ 1 гезопапсе 


structure) 
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H 
Ó м. \ хон 
b oe ^x cr ки ` proton | өз сү 5H HH OCT. | 
| eue + HO 
transfer "m Sö NH Sö 29 


Du 
| э Ж 
= Heg н, 
N N М 
Фе WE ERO dg eer MN 
ГМ. + M 
.. АА transfer 
N Сон, N Suede, n ok < NH, ~O 
H H + НзО+ 
+ HO 
Y 
"> 
d — i ) + ом 
N NZ 
но H 
~ 


21.74 The OH groups react with the C=O in an intramolecular reaction, first to form a hemiacetal, and 
then to form an acetal. 


О 
— M чү 


| OC-"— ND 


OH adds here to form a hemiacetal. hemiacetal acetal 
Then, the acetal is formed by a second Сон, О; 
intramolecular reaction. 
21.75 
180 
Н2'80 
pu H* m 
overall 
N + K 
:0: № :OH ÓH OH Н Он; 
p == PR. g | g | g ~ 48 | + НО 
D ciu "Он cr 
+ Н>18О m + H3180 H2180 
H,'90 
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21.76 
СУ Сб — " Ди 
а. Е as T ЊЕ " 0+ T OH 
OCH2CH T 
б 2 : 3 б ыа OU P 
H- ОН; „ HÖ H-ÓH, 
+  H-OH ; 2 
^ + H-OCH;CHs | 
О: H20 pipe 
Нао“ + ~, HO | Н 103 он TORO 
| 
Н 
o£. (он, 
b. О 
| 
H non H 
T 


m | 
Он О: .. О у; 
OS, Ср су Ont COR. Ue 
t ^O Уа с 
+ А 3 | 
~" нӧ 


ОРО e —ORO-— CIL 


21.77 
H —COTs (lors 
:OCHg осн; снб: о снб: OF 
+ т =: " м + . Я 
Mors ® гон О X он 
enol ether + -OTs | 
| 
PS Bea © CH;0: :б 
ыл, Е. „Ан РА н 
Р on + снадн -OTs 
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21.78 
+ 
pow do 
HO МН? proton HO N-C-H 
ү transfer ү СНз 
HO HO 
dopamine 
Y + 
неон» 
HO HO HO HO N-C-H 
b db | 
NH TIME | " сна 
HO но SX; Hoc eM HO к 
CH; М сн pet + HÖ: 
pid "y сну ^H 
salsolinol (+ 3 more resonance A. 
structures) T H0: 
21.79 
rx. 
2 
:0:- :0: 
+ D DJ 
(cho i-e н Butui — (end On, ( Xs S (Oe ub 
e uS (Ha? 
х“ sulfur ylide X 


sulfonium salt + Bu-H  LiX 


21.80 Hemiacetal A is in equilibrium with its acyclic hydroxy aldehyde. The aldehyde can undergo 
hydride reduction to form 1,4-butanediol and Wittig reaction to form an alkene. 


О ОН ОН 
j Мас (2 Si 
A E 


1,4-butanediol 


This can now be reduced with NaBH,. 


H 
О "EE p О — Ph4P-CHCH;CH(CH,); 
b. а: п = (CHg,CHCH;CH-CHCH;,CH;CH,OH 


(Е and Z isomers) 


reacts with the Wittig reagent 
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21.81 
(ix 
Р CH3-MgI С Won " 7 
E ~ О: - но: P HO; x 
C T 
:OCH3 :OCH3 ut :OCH; ʻOCHs + нб: 
x > Ho: x 
5,5-dimethoxy-2-pentanone 20 | H 


нб; н на: оо | б: | 
. № (+ 1 гезопапсе 


A + 
:OH on Man structure) | 
НО: 
Н e 2 
| es T" 
HO: es е ея + H-O-CHs 
+ ——— оС OH ӧ OH + HgO 
:OH H 
(+ 1 resonance HO: Y 
structure) 
+ H-O-CHg 
21.82 
cyclopropenone 2-cyclohexenone 
(1640 cm!) (1685 cm!) 
A a Ее A 
pga i [-6 = =o ( Me —( Xa —( ys 
| + | == ` 
These three resonance structures include an There are three resonance structures for 2- 


aromatic ring; 4n + 2 = 2 л electrons. Although cyclohexenone, but the charge-separated resonance 
they are charge separated, the stabilized aromatic structures are not aromatic so they contribute less 
ring makes these three structures contribute to the to the resonance hybrid. The С=О absorbs in the 
hybrid more than usual. Since these three usual region for a conjugated carbonyl. 
resonance contributors have a C—O single bond, 
the absorption is shifted to a lower wavenumber. 


21.83 
а. ANCHO апа e d 
с. ВЕ апа О 
О 
aldehyde ketone 
The sp? hybridized С-Н bond of the aldehyde smaller ring 
absorbs at 2700-2830 cm". higher wavenumber 
for C=O 
„(ЈОД о C ~ 
О О 
higher wavenumber conjugated with a 
for C=O benzene ring 


lower wavenumber 
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21.84 
A. Molecular formula C5H; 90 1 degree of unsaturation CHO 
IR absorptions at 1728, 2791, 2700 ст-1— C=O, CHO i 
NMR data: singlet at 1.08 (9 H) — 3 CH; groups CH3—-C-CH; 
singlet at 9.48 (1 Н) ppm ——- CHO СНз 


B. Molecular formula С5Н{оО 1 degree of unsaturation 
IR absorption at 1718 ст“! C-O 
NMR data: doublet at 1.10 (6 H) = 2 CHs's adjacent to H 
singlet at 2.14 (3H) — ——- CH3 
septet at 2.58 (1 Н) ppm —- CH adjacent to 2 СНз'ѕ 


„= 


C. Molecular formula C459H42O0 
IR absorption at 1686 cm"! 
NMR data: triplet at 1.21 (3 H) 


5 degrees of unsaturation (4 due to a benzene ring) 
С=О 
СНз adjacent to 2 H's 


singlet at 2.39 (3 H) === СНз 0 
quartet at 2.95 (2 Н) — СН, adjacent їо 3 H's 

doublet at 7.24 (2 Н) == 2 H's on benzene ring сн; 

doublet at 7.85 (2 Н) ppm — 2 H's on benzene ring 


D. Molecular formula C49H,20 5 degrees of unsaturation (4 due to a benzene ring) 
IR absorption at 1719 ст“! C=O 


NMR data: triplet at 1.02 (3 H) СНз adjacent 2 H's CL i 
quartet at 2.45 (2 H) — 2 H's adjacent to З H's 
singlet at 3.67 (2 H) ——- СН, 
multiplet at 7.06-7.48 (5 H) ppm —= а monosubstituted benzene ring 


21.85 
C;H4602: 0 degrees of unsaturation 
IR: 3000 ст“!: С-Н bonds сњ=— Hp 
NMR data (ppm): CH,CH;-O-C-0-CH;CH; 
На: quartet at 3.5 (4 H), split by 3 H's CH 
; 3 
Hp: singlet at 1.4 (6 H) Н, Ha | На He 
Не: triplet at 1.2 (6 Н), split by 2 H's н, 
21.86 
A. Molecular formula СН; оО B. Molecular formula СоН+оО 
5 degrees of unsaturation 5 degrees of unsaturation 
IR absorption at 1700 ст“! > C=O IR absorption at 1720 ст“! > C=O 
IR absorption at ~2700 ст“! — CH of RCHO IR absorption at ~2700 ст“! — CH of RCHO 
NMR data (ppm): NMR data (ppm): 
triplet at 1.2 (2 H's adjacent) 2 triplets at 2.85 and 2.95 (suggests -СН,СН,-) 
quartet at 2.7 (3 H's adjacent) multiplet at 7.2 (benzene H's) 
doublet at 7.3 (2 H's on benzene) signal at 9.8 (CHO) 


doublet at 7.7 (2 H's on benzene) 


| О 
singlet at 9.9 (CHO ” 
У d рат 
H 
\ 
pe CH;-CHs 
H 
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21.87 
C. Molecular formula CgH;203 
1 degree of unsaturation 
IR absorption at 1718 ст“! > C=O 
To determine the number of H's that give rise to each signal, first find the number of integration units per H by 


dividing the total number of integration units (7 + 40 + 14 + 21 = 82) by the number of H's (12); 82/12 = 6.8. Then 
divide each integration unit by this number (6.8). 


NMR data (ppm): O ОСН; 
singlet at 2.2 (3 H's) 
doublet at 2.7 (2 H's) eer 


singlet at 3.2 (6 H's - 2 ОСН. groups) 
triplet at 4.8 (1 H) 


21.88 
D. Molecular ion at m/z = 150: CgH49O» (possible molecular formula) 

5 degrees of unsaturation 

IR absorption at 1692 ст“! = C=O 

NMR data (ppm): o-( ао 
triplet at 1.5 (3 H's - СНзСН.) 
quartet at 4.1 (2 H's - СНзСН.) 
doublet at 7.0 (2 H's — on benzene ring) 
doublet at 7.8 (2 H's — on benzene ring) 
singlet at 9.9 (1 Н — on aldehyde) 


21.89 
OH 
OH 
но | ‚е 
а. b. CHO 
CHO У он 
HO 
OH 
21.90 
OH OH 
+ 
HO а но о + но 99 но о 
HO OH HO Он» HO HO 
OH M OH * OH 
p-D-glucose + сг + HO: 
OH 085 OH 
сн.ӧн НО б: сн HO E 
OH ? HO Qt HO QCH; + на 
абоме он 
C. acetal 
HO О: Он 
ы + снабн о О 
зч 
on Бај + на 
ејом acetal 
:QCH; 


The carbocation is trigonal planar, so CH3OH attacks from two 
different directions, and two different acetals are formed. 
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HÖ 
+ H3Ọ 
21.92 
О 
AX Шш 
О 
brevicomin 
О / \ === 
b. E UNT NOH, E т Luca 5 [9) О 
Вг H* Br [2] BuLi VILI ph 
“он,он,оно СНСН»СН»ОН 
brevicomin ,HaB ' [1] OsO, оо 
а [2] Манзо., HzO JC Ac cM CHCH2CH3 
(Е and Z isomers) 
21.93 


OH acetal carbon 


OCH; OCH, 
a. у с. оо E оо. 
H OH CH30 CH4O 
но о | 37 сно “он 
О ОН 


HS М. (ОН сап be up or down in both 
hemiacetal carbon products.) 


HO *OH-— (OH can be up or down.) 


[2] CHOH, HCI _ WR e 
HO SEA UL (OCH; can be up or down.) 
[3] NaH ( CH4O О 
а ехсе$$ CH4O 
Kur pear EN 3 CH4O OCH3 
СНА (excess) 
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Chapter 22: Carboxylic Acids and Their Derivatives—Nucleophilic Acyl Substitution 


+ Summary of spectroscopic absorptions of RCOZ (22.5) 


IR absorptions * All RCOZ compounds have a C=O absorption in the region 

1600-1850 ст". 
e RCOCI: 1800cm^ 
• (ЕСО)0: 1820 and 1760 cm ' (two peaks) 
e RCOOR: 1735-1745 cm! 
e RCONR?: 1630-1680 cm | 

e Additional amide absorptions occur at 3200-3400 cm ! (М-Н stretch) 
and 1640 cm | (М-Н bending). 

e Decreasing the ring size of a cyclic lactone, lactam, or anhydride 
increases the frequency of the C=O absorption. 

* Conjugation shifts the C=O to lower wavenumber. 


'H NMR absorptions e C-H a tothe C=O absorbs at 2-2.5 ppm. 
• М-Н ofan amide absorbs at 7.5-8.5 ppm. 


ЗС NMR absorption • C=O absorbs at 160—180 ppm. 


+ Summary of spectroscopic absorptions of RCN (22.5) 


IR absorption * С=М absorption at 2250 cm ! 
ЗС NMR absorption e C=N absorbs at 115-120 ppm. 


+ Summary: The relationship between the basicity of Z and the properties of RCOZ 


* Increasing basicity of the leaving group (22.2) 
* Increasing resonance stabilization (22.2) 


0 о О О о О 
| 
‚© Бе 6: --—. 


acid chloride anhydride carboxylic acid ester amide 


* Increasing leaving group ability (22.7B) 
* Increasing reactivity (22.7B) 
* Increasing frequency of the C=O absorption in the IR (22.5) 


* General features of nucleophilic acyl substitution 


* Тһе characteristic reaction of compounds having the general structure RCOZ is nucleophilic acyl 
substitution (22.1). 

e The mechanism consists of two basic steps (22.7A): 
[1] Addition of a nucleophile to form a tetrahedral intermediate 
[2] Elimination of a leaving group 

* More reactive acyl compounds can be used to prepare less reactive acyl compounds. The reverse is 
not necessarily true (22.7B). 
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+ Nucleophilic acyl substitution reactions 
[1] Reactions that synthesize acid chlorides (RCOCI) 


[a] From RCOOH Q пр 9 
(22.10А): noon dm EE 
[2] Reactions that synthesize anhydrides [((RCO);0] 
[a] From RCOCI Q Ё о О 
(22.8): зс *o^^m Нава зао 7" 
О О 
[b] From dicarboxylic BH a О + HO 
acids (22.10B): gh 
О о 
cyclic anhydride 
[3] Reactions that synthesize carboxylic acids (RCOOH) 
| о бс: 
[a] From RCOCI C. + HO — С + | 
(22.8): R^ са pyridine R^ ^OH N^ a 
[b] From (ЕСО);0 ПИ а пи п 
(22.9): no n : 2 тон 
О 
[с] From RCOOR' + HO ——— 6 o 6 + ROH 
(22.11): RO OR (ногон) В ^он RO” 
(with acid) (with base) 
+ О + 
H20, HY. Е + АМН, 
[d] From ВСОМВ', (В' = 9 | 
H or alkyl, 22.13): пема, а 
НО, “OH 
C. + АМН 


В' =Н огаку  ————- P 
R од 


[4] Reactions that synthesize esters (RCOOR") 


» о 
[а] Егот КСОСІ y + РОН Е aA x || i 
(22.8): R° а pyridine в он И - 
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[b] From (ЕСО)›О оо | n 

(22.9): expen вон  —— po ur T RCOOH 
[c] From RCOOH о | H,SO, i 

(22.10C): a eg * ROH ggg * O 


[5] Reactions that synthesize amides (ВСОМН)) [The reactions are written with NH; as the 


nucleophile to form ВСОМН). Similar reactions occur with R'NH; to form RCONHR’, and with 
R'NH to form ВСОМВ..] 


[e [e 
[a] From RCOCI С + NH = | ae 
А R cI i ps dii 
(22.8): (2 equiv) R NH2 
о о [e 
[b] Brom (RECOJO ee + м ——- в + RCOO-NH, 
(22.9): (2 едим) й 
j [1]NH3 || 
[c] From RCOOH R^^OH [a ANH, ЊО 
(22.10D): 
9 | I 
pese + АМН, p^^Num + ЊО 
О [e 
[d] From RCOOR' сом —— 6 2. BH 
Q2.11): R^ "OR м. 


* Nitrile synthesis (22.18) 


Nitriles are prepared by S2 substitution using unhindered alkyl halides as starting materials. 


R-X + СМ —— R-C=N + X 


Sn2 
R = CHa, 19 
Ф Reactions of nitriles 
[1] Hydrolysis (22.18A) 
R-C=N HO i à 
t 2С. ог pon 
(H* or -OH) R^ “ОН RO 


(with acid) (with base) 
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[2] Reduction (22.18B) 
[1] LiAIH, 


R—CH,NH, 
2] ЊО : 
[2] He 1° amine 
R-C=N 
[1] DIBAL-H 
[2] ЊО А“ `H 
aldehyde 


[3] Reaction with organometallic reagents (22.18C) 


в_с=м  [üRMgXorRLi _ O 


[2] H20 


ketone 
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Chapter 22: Answers to Problems 


22. Тһе number of C-N bonds determines the classification as a 1°, 2°, or 3° amide. 


NH, 1° amide 
за" 


О О О 


> 
1° amide HN Ө О 9 N a 
H 
О МН НМ 
НМ ~ 
охуюст | NH МН» ~S ? 1° amide 
All seven others are 2° amides. N $ 
О 
О 3? amide 
HO 


22.2  Asthe basicity of Z increases, the stability of RCOZ increases because of added resonance 


stabilization. 
2: О: О: 
Cy 2С. Cyt 
R Br: R Br: R Br: 
The basicity of Z determines how much 
this structure contributes to the hybrid. 
Вг is less basic than “ОН, so RCOBr 
is less stable than RCOOH. 
22.3 
сб: Ten This resonance structure contributes little to the hybrid 
_ || я | a since СГ is a weak base. Thus, the C—CI 
CH;-CI CL: pow iP A 
CH% Ck CH% а bond has little double bond character, making it similar in 
length to the C-CI bond in CHsCI. 
co Ра Or This resonance structure contributes more to the hybrid 
СНз=МНо СУ u^ wu, — since “NH; is more basic. Thus, the С-М bond 
s in НСОМН, has more double bond character, making 
it shorter than the C-N bond in СНЗМН.. 
22.4 
a. (CH3CH;),CH— COCI b.  СНЕСООСНа 
re-draw ч 
О О 
СІ 2-ethylbutanoyl chloride OCH, methyl benzoate 
= 2-ethyl 


alkyl group = methyl 


acyl group = 
benzoate 
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C. СНэСН>СОМ(СНа)СН»СН. 
|re-draw 
О 


«ыйы 


KN 
N 
| УС Methyl- N-methyl 


acyl group = N-ethyl-N-methylpropanamide 
propanamide 
0 
а. C 
н; ~OCH,CH3 
alkyl group = ethyl 
acyl group = ethyl formate 
formate 
22.5 


a. 5-methylheptanoyl chloride 


"y 


e. 


d. N-isobutyl-N-methylbutanamide 
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С „С 
СНзСН `O : i : 
benzoic propanoic anhydride 
acyl group = acyl group = 
propanoic benzoic 


1 
pow 3-ethylhexanenitrile 
3 


6 carbon chain = 
hexanenitrile 


9. sec-butyl 2-methylhexanoate 


iud ni 


ићи 


b. isopropyl propanoate e. 3-methylpentanenitrile h. N-ethylhexanamide 
О 
Ад ma о 
о -— ч ч 
с. acetic formic anhydride f. o-cyanobenzoic acid N 
о о О 
eg, » 
CN 
22.6  СН.СОМН) has two H’s bonded to М that can hydrogen bond. CH3CON(CH35); does not have 
any H's capable of hydrogen bonding. This means CH3CONH)? has much stronger 
intermolecular forces, which leads to a higher boiling point. 
22.7 
О О 
| | || || 
С ред C ^C. 
a. СН; OCH2CH3 and СНз N(CH2CH3)2 C. CH3CH5CH2^ ~NHCH3 and СНзСНЬСНЬ NH2 
amide: С=О at 2° amide: 1 М-Н 1° amide: 2 
lower wavenumber absorption at М-Н absorptions 
3200-3400 cm! 
О о О О 
С! 
b. о m ~ d. O and 
ller ri M 
smaller ring: T 
C=O at a higher anhydride: 
wavenumber 2 C-O peaks 
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H, signal from the 5 H's О” ССН» 
on the aromatic ring 


Molecular formula СоН+оО> 
5 degrees of unsaturation 
IR: 1743 ст“! from ester C=O 
3091-2895 стг! from sp? and sp? С-Н 
1H NMR:H, = 2.06 ppm (singlet, З Н) - СНз 
Нь = 5.08 ppm (singlet, 2 Н) – CH2 
H, = 7.33 ppm (broad singlet, 5 H) 


Nous: 


H ÉS 


22.9 


amoxicillin 


a. 4 stereogenic centers 
b. 2^ = 16 possible stereoisomers 


c. enantiomer 
H2N 


„ста 


H ‘COOH 
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Нан H О 


os ^O — Hp signal from the 
10 H's on the two 


aromatic rings 
Molecular formula С.4Н+2О5 


9 degrees of unsaturation 
IR: 1718 ст“! from conjugated ester C=O 
3091-2953 cm"! from sp? and sp? С-Н 
1H NMR:H, = 5.35 ppm (singlet, 2 H) 
H, = 7.26-8.15 ppm (multiplets, 10 Н) 


‚ COO 
cephalexin 
(Trade name: Keflex) 


a. 3 stereogenic centers 
b. 23 = 8 possible stereoisomers 
c. enantiomer 


crx. 


COOH 


22.10 To draw the products of these nucleophilic acyl substitution reactions, find the nucleophile and 
the leaving group. Then replace the leaving group with the nucleophile and draw a neutral 


product. 


nucleophile 
о | 

І CHOH 
сну СО! " сну СООН» 


| 


leaving group 


O=0 


a. + HCl 


C. 
- СНУ "'OCH;CHs 


nucleophile 


О О 
| NH; т 
CH МН + НОСЊСНа 


leaving group 


22.11 More reactive acyl compounds can be converted to less reactive acyl compounds. 


CH3COOCHs FTT CH3COCI 


a. CH,COCI — 
less reactive NO more reactive 


more reactive YES 


CH4COOH с. 
less reactive 


b. CH,CONHCH,  — 


CH3COOCH3 d. 
less reactive NO 


more reactive 


CH4CONH, 
more reactive YES 


less reactive 
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22.12 The better the leaving group is, the more reactive the carboxylic acid derivative. The weakest 


base is the best leaving group. 


-NH» strongest base 
least reactive 


О 
i 


C. 
b. CHCH; ~NHCH3 


-NHCH; strongest base 
least reactive 


22.13 
? © 
CLC. 
СНУ 707 СТОН» 
acetic anhydride 
22.14 
О а 
pyridine 
CI 
CH4COO- 


po 
Clc O 


| | 


trichloroacetic anhydride 


-ОСНз 
intermediate 


О 
T 


Cy 
CHCH; “^он 


-OH 
intermediate 


C. 
СС 


Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


-СІ weakest base 
most reactive 


| I 
NE > 
CHCH“ ^O^ `СН,СНз 


7"OOCCH;CHs weakest base 
most reactive 


The Cl atoms are electron withdrawing, 
which makes the conjugate base (the 
leaving group, CCl3COO ) weaker 
and more stable. 


» с. NH3 
AA 
С! ехсе$$ 
О СНз + Cl (СНз)>МН 
d. 
excess 


22.15 The mechanism has three steps: [1] nucleophilic attack by O; [2] proton transfer; 
[3] elimination of the СГ leaving group to form the product. 


OCH; 


OCH3 


-g 


ОСН; 


NH2 + NH;*CI- 
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22.16 


О О 


О 
"Ooo 
C. 
О О О 
ae d. — [y ov» * s 
(СНз)>МНЬ 


22.17 Nucleophilicity decreases across а row of the periodic table so an NH, group is more 
nucleophilic than an OH group. 


more nucleophilic 
Acetylation occurs here. 


I — — O^ 
| HO И 


acetaminophen 
(active ingredient in Tylenol) 


less nucleophilic 
22.18 Reaction of a carboxylic acid with thionyl chloride converts it to an acid chloride. 
О 


SOCI, c 
а. CHCH,“ “он CHCH, “а! 


O=O 


[2] (CH3CH3)NH (excess) 


| 
[1] SOCI 
b. “уон uu DR ч а - bo "N(CH;CH3) 
+ 


(СНАСН)МН СГ 


22.19 


a. puc ЧИЮ + СНАСЊОН ваго, ОД осңсн, + НО 


[9] 
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? О 
HSO 
d — т = ы + НО 
О 
22.20 
О О 
C снузон С 
С" pow 
22.21 
cen HÖ: :ÖH Hö::öH "98939 
С H H/OSOH  . CANET Т 
HO ^^ S^ 
SXK HOT Уу [e - tog О 
EM + HS04 -OSOH | 
" SG "so òd 
К E 
a + њо, —— HË + 2 | 
+ HSO, 
22.22 


О О О 
ua. = ч НСНУ et on 
О 
>й, 


DCC 
Ји [1] Снумн; nee 
NHCH 2 
OH [2] A 3 
22.23 
+ m .. + .. 
‘он ‘OH ‘OH :Q-H :O-H о-н 
vi PRINS TM E Ne: "bcd at PU a 
n OR R SOR ROSOR в°°`бн песн пе ӧн 
product of step [1] product of step [5] 
22.24 


a. SS m cc 
сно 


octinoxate 


[2] H20, “OH 


О + HO 


О 
К 
[M HO SoH + но 
О 
CHO 
О 
[ода 


13 


CH4O 
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О 
1] HO* 
о [1] HO OH + НММ 
b. cn RR OH 
OH О 
octyl salicylate | [2] H20, ОН. о + но ми и 
ОН 
22.25 
18 
о "OH, H20 о 80 -онњо о о 
а. c 18 Ц + носна b. c _ + С 18— 
CHCH; “Осн, CH4CH4 ^" o- снасн;“ ^ OCHs CHCH ^O CHCH `O 
+ HOCH} 
22.26 
HOCH? OH RCOOCH,  RCOO OOCR 
HOCH — он o CH, V „OOCR 
НО. '' Om RCOOH, HS0, . RCOO' ' О С 
4 07 *cu,oH 2 07 *cu,oocR 
HO OH : : RCOO OOCR 
a long chain fatty acid 
sucrose olestra 
22.27 
CH2O0CO(CH;)15CHs CH,-OH Na*-OOC(CHp);sCHs 
hydrolysis 
СНОСО(СН,) СНа QU e Мын + Na*-OOC(CH;) CH 
ROR top CECH) ЫН» СН»›-ОН Ма“ -DOC(CH;);CH-CH(CH3);CHs 
cis 
glycerol soap 


T Her proton О: 
м-н нд а transfer nS ae eee 
ro NH 30 NH 


2 


22.29 Aspirin has an ester, a more reactive acyl group, but acetaminophen has an amide, a less reactive 
acyl group. 
a. The ester makes aspirin more easily hydrolyzed with water from the air than acetaminophen. 
Therefore, Tylenol can be kept for many years, whereas aspirin decomposes. 
b. Similarly, aspirin will be hydrolyzed and decompose in the aqueous medium of a liquid 
medication, but acetaminophen is stable due to the less reactive amide group, allowing it to 
remain unchanged while dissolved in H,O. 
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ester amide 
| H 
OCT" ЈА 
ó Ki 
COOH HO 
acetylsalicylic acid acetaminophen 
22.30 
"Regular" amide | not hydrolyzed. 
RE СЕ 
TX = YI 
О М О о НМ 
О = ОН - 
COOH COOH 
22.31 
О 
H ? H ; 
H ој о 
пуоп 6,10 
О 
o nun + Аааа ца. 
О 
22.32 
ОН 
== + ноос—{ ў—соон 
HO 
| In the polyester Kodel, most of the 
1,4-dihydroxymethylcyclohexane terephthalic acid 


bonds in the polymer backbone are part 
of a ring, so there are fewer degrees of 


О О 
| freedom. Fabrics made from Коде are 
[ok Tee stiff and crease resistant, due to these 
3-0 * ; less flexible polyester fibers. 
О О 
Kodel 
22.33 
О О 
| ОН i о о РІА 
OH * OH —- О О У polyl(lactic acid) 
О О 


ОН 
Reaction occurs here (—H20). 
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22.34 Acetyl CoA acetylates the NH, group of glucosamine, since the NH, group is the most 
nucleophilic site. 


HO 
о 
НО. + Jes 
СН; ~SCoA 
glucosamine 
22.35 
a. CH,CH,cH,-Br МОМ, сн,сн,сн,-см ü аса НгО, "ОН ~ 
CN Coo 
CN И соон 
CN COOH 
22.36 
2 н По = Ne 
= Cy C. == Cx 
а. сну мн, сну ^NH €. CHCH; ^он CHCH; “So 
n | Н 
Ca 
bo инсн; 2 "мсн; 
22.37 
О 
[1] NaCN 1] DIBAL-H / 
а. CH3gCH2—Br CH4CH5— CH5NH5 b. CH4CH4,CH;- CN ш - CH3CH;CH;—- C, 
[2] НАНА [2] H2O H 


[3] H2O 


+) 
OCHs OCH, CN је 


E [1] CHaCH2MgCI _ о " PU [1] CgHsLi piscis s 
| ом [2] ЊО C | 


22.38 


\ [2] H20 
CH2CH3 
22.39 
e P 
CH;-CN [1] CHgMgBr сњ-С DOC Pa 
| АНЕ Yi; [1] DIBAL-H Cy H 
i [2] H2O [2] H2O 


„С 
CH;- CN CH»-C СН>-СМ СН>-С 
1] (CH3);CMgBr \ 2 2 
| CY [1] (CHg)sCMg Cy CCH) d. or њо CT би 
[2] H2O 
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22.40 
о 


О 1] СН»МӘВг 
CH3—C=N [1] CH3CH2MgBr - PW CH34CH2- CN n 39 > P 


[2] H2O [2120 


22.41 


СІ 
а. Ae 2,2-dimethylpropanoyl chloride ' M ) 
о 
C 


© 


N-cyclohexylbenzamide 


о 


m-chlorobenzonitrile 


О 
и G cyclohexyl pentanoate | 


О 


| 3-phenylpropanoyl chloride 


О 
N 
H 
ДА 
с. 
Sok i. 
О isobutyl 2,2-dimethylpropanoate 


d. бај 455. 2-ethylhexanenitrile j. dí  cis2-bromocyclohexane- 
CN а carbonyl chloride 


CN 
О 
С 
О 


— 


О О Вг 
С" - 04 
: МР 
cyclohexanecarboxylic anhydride 4 N,N-diethylcyclohexanecarboxamide 
О О 
f. phenyl phenylacetate |. Co cyclopentyl 
о о) cyclohexanecarboxylate 
22.42 
a. propanoic anhydride e. isopropyl formate i. benzoic propanoic anhydride 
О О О 
о О Js. 
a а " сү“ 
b. a-chlorobutyry! chloride f. N-cyclopentylpentanamide 


j. 3-methylhexanoyl chloride 


S: Wu 0 EL. 


CI 
c. cyclohexyl propanoate g. 4-methylheptanenitrile k. octyl butanoate 
ко puru О 
Cy О СМ РО р ч 
d. cyclohexanecarboxamide h. vinyl acetate |. N,N-dibenzylformamide 


O О 


cy PM o 
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22.43 Rank the compounds using the rules from Answer 22.12. 
О О О 
Е Тт БЕТИНИ кыы 


-OCH2CH2CH3 -CI weakest base 
intermediate most reactive 


° Aw АА. 


ester 
least reactive 


-NH;, strongest base 
least reactive 


anhydride 


anhydride with electron- 
intermediate 


withdrawing F's 
most reactive 
О О О 


^ Pei v gd „а 


-OH strongest base -SH -CI weakest base 
most reactive 


least reactive intermediate 


22.44 


a. Better leaving groups make acyl compounds more reactive. A has an electron-withdrawing NO2 
group, which stabilizes the negative charge of the leaving group, whereas B has an electron-donating 
OCH; group, which destabilizes the leaving group. 


О 
n 


C. 
сну“ о— мо 
AU 


an electron-withdrawing substituent 


| О: == Or 
:0: = О: 
one possible 


leaving group from A resonance structure 


Delocalizing the negative charge on the 
МО» stabilizes the leaving group 
making A more reactive than B. 


| 

C. 

сна“ о— )-осњ 
2 | 


an electron-donating substituent 


Wate d^ 
GN Tos — убн 


one possible 
leaving group from B resonance structure 


Adjacent negative charges destabilize 
the leaving group. 


resonance structures for the leaving group 


n E ` Э) Q A 
NON: : Nu R-CzN SN: E. Й ANN: NANT NAT NE м “№: SN: 
в“ | d Nu T R Nu NN \—/ А | \ / V / 
imidazolide 


The leaving group is both resonance stabilized and aromatic 
(6 x electrons), making it a much better leaving group than 
exists in a regular amide. 
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22.45 
Reaction as an acid: 
T B |“ | б: 
CH `№н, сну ~NH сну SNH 


В. CHCH,-NH 


CH3CH;—NH» 


These two resonance structures 
make the conjugate base more stable, 
and therefore CH3CONH? a stronger acid. 


no resonance stabilization 
of the conjugate base 


Reaction as a base: 


107 
С | 
СНЕ “МН, 


| 
This electron pair is delocalized by resonance, 
making it less available for electron donation. 
Thus СНАСОМН; is a much weaker base. 


NuB- This electron pair 
CH3CH; —NH ; 5 
кој is localized оп М. 


22.46 
CH3CHsCH»CH,COCI 
H2O NH +o 
a. N CH4CH,CH;CH;CONH, + МН; С! 
ЕА СНзСН»СН»СН»СООН + | » ахсё&в 
cr 
H (CHa3CH5);NH 
CH4CH4OH S 37272 
b. 5 снзснсн,сн,соосњснз + | des S TEE а. 
pyridine Ы СЕ + (СНУСН>)>МНЬ СГ 
CH4COO- оо Сен5МНЬ 
3 AS ix f. CH3CH,CH,CH»CONHC,Hs 
CH3CH,CH,CH,~ ^O^ ~CH, * Cl excess + 
+ CgHsNH3 СГ 
22.47 
оо 
рее 
| d. NaCI ; 
а: SOCI, né-feaction no reaction 5 
О (СНзСН>)>МН 
H2O | З У "N(CH;CH3)e 
р. 2 Co SL OH e. — +O 
О ЕС 07 нАсн,снь, 
CH4OH bod о О 
ч ea CH4CH;NH 
| f. SUUM тад“ «с: 
ООУ Сон excess + О 
inc d 


O^ H4NCH,CH; 
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22.48 
CgHsCH»COOH 
AN o 
NaHCO, О CH4OH 
а > + HCO; g. > ~ 
= Н804 М МА осн, 
О Ма 
dr о 
h. CH30H | 
о м 
о [1] NaOH ^^ о o 
с. SOCI, CLE [2] CH3COCI NN "3 
а! 
n o 
d. нас по геасїїоп j. СНзМН» | 
DCC Cu мнен» 
NH 
MET TM eU! A = GE 
O мні ` [2] CHSCH;CH;NH 
- 27 27 2 < “мнон,сньснз 
D = ах [1] вось "Y © 
NH2 [2] (CH3)2CHOH о 
22.49 
О 
H20, ОН 
CH4CH,CH4CO;CH;CHs £ p + HOTS 
SOCI о 
А | 
а. > no reaction d. NH3 "m + HOON 
О О 
b. _Назо“ e. CH4CH;NH 
V soi "нос 322-2. к + HOT ™ 
22.50 
NH» H3O* CHCOOH p, ЊО, "OH CH,COO 
Ó 
22.51 
~ АС 
a, O" ү “COOH d. [1] CHsCHoLi i ar 
НО, “OH > = ] P ~ „Н 
C.H.CH;CN b. "2 COO e. [1] DIBAL-H C 
V [2] ЊО М2 О 
CH3 
c, ame 0“ OY" f. [1] LiAIH, С “ү “снмн, 
[2] H2O Ж О [2] ЊО ея 
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22.52 
9 
COOH C 
(X CU 
OH OH 
E О 
. CeH4COCI + ( === + | \ 
D т у N Cr 
(excess) H H 
О 
c. сн.см [1 CHsCH;CHMgBr _ T 
[2] H2O СНЕ `CH2CH;CH3 
HSO, 


(СНз) СН“ ~ "OCH(CH3)CH;CHs 


СНАСЊСНОН 
| 
СН 


H20 0 
Очень A8 Ls + Oem 


o О 
f. o _},0* OH 
| | OH 
О О 


h. CeH&CH;COOH 
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О 
[1] NaCN 
CH4CH5CH;CH$Br CH3CH»CHsCH, о" 
[2] H20, "OH 
[1] SOCI 


> CeH5(CH2)2NH(CH2)3CH3 
[2] CH3CH;2CH;2CH5NH5 


[3] LiAIH,, 
[4] H20 
H4O* 

Ce H&CH2CH;CH;CN CgHsCHsCH»CHsCOOH 

о 
= A | O 

ноос COOH 

О 


(СНАСОО + NH, 


ч 
+ CH4COO- ст 


H20 


(excess) 


CeHsCH2CHCOOCH;CH3 CgHsCHsCH»COO- 


+ HOCH;CHs 


22.53 Both lactones and acetals are hydrolyzed with aqueous acid, but only lactones react with aqueous 


base. 


о тез OH О маон О Е 
Tam аэ шы = „э. 
О О Он OH О О но О OH 

X X 
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22.54 
^ CHs 
Cy * NaCN nau Hot T SOCI, сос! [1] (снаги СҮЛ 
[HO ~ 2 
E 
[1] LiAIH, банке 
[2] ЊО PCC 
CT МН» Pi [1] DIBAL-H CHO [1] ном 
2] H20 [2] HO OH 
G H 
(сн,со)о [1] ШАН, 
[2] H2O 
CH,NHCOCH, ва E СН>ОТ$ NaCN CH2CN 
TsCl, pyridine pyridine 
I J 
[1] CH9MgBr 
[2] H2O 
О 
M 
22.55 
X HD HD 
C—CH3 у "~ 
а. OH | сњсос! o & E _СНаСН»ОН ОС. 
—— CH; “COOH H* сн; ^COOCH;CH, 
© рупате o 
on CHa О СНз CH; CH 
Br _NaCN CN Д | | |“ 
b. d d > ај“ d. CH ps "CI ^S E р С, 
но DH с Себе “уң сени ЗН 
(2 "E. C pcs 
07 “СНз cr 


22.56 Hydrolyze the amide and ester bonds in both starting materials to draw the products. 


poser s 
о РО Кө, сү " О " A 
HO 
AY p 


с HN = BS 
H - Е 
NH; 


oseltamivir 
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NH2 
ноос, A N T NH3 HN 
= ноос он“ + СНзОН 
b. О СООН 
CHO `O О 
азрайате phenylalanine 
22.57 
:0: m T :О: 
[4 :0: :0: 
C s а ть PTT 
а 7 Cl: C-Cl: сре! МНМН; *:Cl: 
Мнн нїн МАН 
2 2 N E 


dx > ДА 
S 10 OH transfer НЯ Q: 
22.58 
ir че 
О: «он OH OH ~~ + OH OH 
yey we T = снь-с-бн ~ CH,-C-ÓH - CH,- CS 0H, = CHa—C 
“ ? :О®н :О®н Оён :О®н 
"uU s = 
18 
+ но | TOME an 
+ H20: + Me 
Two possibilities for A: a + 
: enm d ug ©: 
CH34-C- C 18 U C 18 + H30* 
deu CH4 OH сна“ > 2 
A 
OH :OH OH 
снз—-С+ => cit, 7 Cag + НО 
Chey, CHS OH но CHS 


y-butyrolactone 


22.60 


a 
се 
COH 


aspirin 
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Ho нб - T 
у [c OH А 
= Е " N + H;Q 
ан ан 8 б 


:0: 
но + нон 


4-hydroxybutanoic acid 
GHB 


enzyme 
CH;,ÓH v di ot 


jos iHa 
/ он > A О 

a TF A: H-A 
9-0 О 6–— 
окос" OG 
COH COH COH 


б: +0-н A OH У 
<-сн,0-6 <-сно-@ йе 
НА + 2 E — 2 4 + A :OH 
Сн» СНз Сон СОН 


inactive enzyme salicylic acid TAS 
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22.61 
2 Il 
Со уюу ~ E T 
R^ OR’ + ОН R^ ^O + ВОН 
~ Н>О 2 
This bond is not broken. 52 
О СН [e ots 
I а accepted Д = 
CH -Oro ен CH ^C но“ С cH CH 
3 X R 27 3 mechanism d eiiis 
(2R)-2-butanol 


This bond is cleaved. 


Hc На mn 
A и i C 
EH "ay Ўоньсн но СНУ СОС + онон; “бн 
2 
Sy2 alternative (2S)-2-butanol 


CH, H 


X 
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According to the accepted 
mechanism, the stereochemistry 
around the stereogenic center is 

retained in the product. 


This 542 mechanism would form the 
product of inversion leading to (2S)-2- 
butanol. Since (2R)-2-butanol is the 
only product formed, the Sy2 
mechanism does not occur during 
ester hydrolysis. 


CHO 
ОН f РХ 
Q 


proton 


transfer H Ü 
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22.63 


a 


H ју 
| 
tO-CH2CH3 


H—-ÓCH;CHs 


COsCH2CH3 


NN CI 


22.64 The mechanism is composed of two parts: hydrolysis of the acetal and intramolecular Fischer 
esterification of the hydroxy carboxylic acid. 


H HO ње 3 
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22.65 
:OCH;CH :OCH;CH 
(any base) B^" н 4 20: p 7 K ERS 
eo о ы | H-N ~ÖCH;CH; i les 
wien 6 
+ CH3CH,O ОСН»СНз Ga E + HB* 
diethyl carbonate Е 
бе) 20: x 0: +: :0 
2 C COCH2CH3 ОСН»СН» C SN 
e di H-N SjOCH;CHs 
2» + нгсн rae 2 ve 
HB* TEE, = 
+ CH&4CH,O: 


снсњон + B: 


22.66 
3 
sp’ C p? 
з: С = 
RCH; -CI фу pi 
2 abis RTC: 
less electrophilic C more electrophilic C This resonance structure illustrates 
more crowded C since itis | due to electron-withdrawingO һом the electronegative О atom 
surrounded by four atoms more reactive withdraws more electron density 
from C. 
The sp? hybridized C of RCOCI is much less crowded, 
and this makes nucleophilic attack easier as well. 
22.67 


О А 
p < H3O* H C&H4902: 2 degrees of unsaturation 
HO CN EN o 


IR: 1770 ст“! from ester C=O in a five-membered ring 
1H NMR: H, = 1.27 ppm (singlet, 6 H) – 2 CH, groups 
Hy = 2.12 ppm (triplet, 2 Н) – СН, bonded їо СН» 
ix Н, = 4.26 ppm (triplet, 2 Н) — CH; bonded to CH; 
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HO секу HO с=йн нон 


l transfer E 
* OH, OH 
" imidic acid 
НО: 
HO C NH. HO C—NHp HO C-NH, 
:OH Ею: O-H 
+ 
Н—0ОН А 
T Vi amide \ 
+ њб: H20 
HÖ 
i s "ue e s сае ion 
нб NH; HO. NH, нона н-б> мн H L 
yr M 5 
HsO + н;О: 


22.68 Fischer esterification is treatment of a carboxylic acid with an alcohol in the presence of ап acid 
catalyst to form an ester. 


О ОН НО 
а. (CH )3CCO,CH»CH, ===> (CHs3)sCCOOH с. Ми == в 
+ HOCH;CHs xy 2 ү 
" e OH v. d. Ao A — pur + гек 
Я + 
CY О CY О о d 
22.69 
NH, „СТС 
а. Br "excess МА; H 
NaCN H3O* OH сым 
ИУ ш —— см dde d d «У “мн, DCC т 
О 
Маон 
р <N Aer Ун 
OH H5SO, са сал 
" E^ у, 
(roma) Y и Сон { 


„чә [1] `` мов 


Ма 
(from а.) [2] H20 


О 
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(from c.) 
[1] MgBr OH 


е © (2 едим) 
О 


(from d.) 


(from c.) 
1 an B 
| (2 equiv) We OH 


[ 
f. О ——_ 
icd 7 рњо РСС 
О 


(from b.) 


d. „тми HOCHChla AN 
(from Б) COOH Н,50, COsCH2CH3 


[1] CHsMgBr 
CN 
(from a.) [2] НО n 


[1] DIBAL-H 
N 
(from a.) [2] H2O 


g. [1] LiAIH, 


PS 
N СН МН 
(from a.) [2] H2O ii 


CH3COCI 


CHNH3 УМЕ CHSNHCOCHs 


(from g.) 
22.71 
H30* 


а. CHCI +NaCN — —- CH3—CN > СНа—СООН 


[1] СО; 
CH;—Cl + Mg  ——— СН»—М9С! руно". CH3— СООН 


This method can't be used because ап Sy2 reaction 
can't be done on an sp? hybridized C. 


MgBr [CO _ COOH 
TB IH. 


b. ы + NaCN —— 
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с. (CHg)gCCl + NaCN - This method can't be used because ап 5,2 reaction 
can't be done on a 3° C. 


[1] CO 

(CHs)gC—Cl + Mg ——— (CH3aC—MgCl —— — — (CH34C—COOH 
[2] H;0* 

H34O* 

d. HOCH5CH5;CH;CH5Br + NaCN —— HOCHsCH2CH2CH»—CN 


HOCH2CH2CH2CH2— COOH 


= This method can't be used because you can't таке 
HOSP а е еа a Grignard reagent with an acidic OH group. 


22.72 

CH4OH 

| sot 
CH COOH 
E. з HNO; 3 KMnO, _CH3CH2OH_ о РР 
AlCl HSO4 4 NL 
(+ ortho isomer) | Pd-C 
E "OCH;CHs 

22.73 


О o 
NH "EN А "EN 
HO 2 HO H О H 
\ CH,COCI \ NaH oan 
N N N 
H 
ос! 


H воо, H 
serotonin CH4COOH CHsCI CH30H 
СтОз P 
H5SO,, HO TN 
2 4 2 CH4O H 
CH3CH;OH N 
N 
H 
melatonin 
22.74 
О О О 
| 
TON  CH;CHCI (OX KMnO, COH сос, Cl МЊ Сү 
^ AOL © (2 equiv) 
OH 2 | он он OH OH 
(* para isomer) salicylamide 


H 
№. „СНз 
| CX HNO, О; Hp, Pd-C Н снасос! Ly С 
он ЗО, но а 


(More nucleophilic acetaminophen 


(+ pm isomer) NH reacts first.) 
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H 
A." CHs М. „СНз 


С CH3CH;Br ser 
ни 6 
СНзСН>О 


acetaminophen p-acetophenetidin 


(from b.) 
22.75 
HOW ~ 
[1] CrO3, Н804, H20 
[2] SOCL, 
О o 
Ра ch 
a. 
АСВ FeCl, 
[^ 
| soot 9 
CH COOH C 
«(2 CH&CI O з HNO; O” KMnO, Гү CH4OH “OCH; 
AICI HSO H* 
з 2774 ОМ ON ОМ 
(+ ortho isomer) |н, Pd-C 
i we т 
Cy 
O “OCH; ke СҮ осн; 
э, [1] CrO3, Њ50,, HN 
[2] ОСЬ 
снн 


Вг Вг Вг 
А © Bro Cy HNO; los _Н», Pd-C_ "9j pu LY 
' H 
РеВгз #80, ог a. HSO, `N 


(+ ortho isomer) 
[2] ia о 


СНзСН>ОН 
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(CH3)3COH j^ 
HCI | soci, 
4 (СНз)зССІ (ој Кој KMnO, SOCI 
AlCl, АСЬ CI 
(+ ortho isomer) О 
TE 
Br Br Br 

Bro CH3Cl KMnO, NaOH 
FeBr, AlCl HO “о 

(+ ortho isomer) О [e] 


о о 
C 
(СНз)зС Br 
22.76 
291 ( 2-9 = {оны NaCN {оном E { у—онсоон 


HOCH2CH3 
SOCI 
CHOH =~ CHCl Н,504 
CH,COOCH;CH; 
ethyl BERE 
pan a.) O2 Нә 
CH; COOH | COOCH3 
JO ee O P HNO3 Hs «mno, " HOCH 
МС “50, Ра-С "HO. 
(+ para isomer) methyl anthranilate 
em a.) 
CH COOH 
JO EN кој 3 KMnO, ИЈЦАН, _ он CHCOOH 
АСЬ IHO Оно" ~ acetate 
Os 
CH3CH2OH CHCOOH 
UT HSO, HO ~ 3 
22.77 
[1] ЦАЈН, p 
руно ЊМ 
да “CN noe ee о 

a. Cl excess Н>О T 

H5SO, вољи 
О 


B 
" KOC(CHs)s [1] 03 CHO Сто соон 
[2] Zn, H20 CHO Н,804, Но СООН 
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22.78 
О О 
i CH3'?CH;OH i 
a. CH „Сон СН aaron CH 
Г 3 H5SO, 3 2113 
о О 
Y CH34CH2OH 130 
b. CH313CH,OH LU. LL 13С CH= ~OCHsCH 
H5SO,, H2O сну тон H5SO, : 2 Б 
О 
18 CH3COCI || 
с. CHCHBr 2 O — , сньсн„'®ОН ы eie a өн 
+ Базе (H1807) 3 2C Hs 
18 180 
PBr. - CrO ! 
d. снизсњон з. снузонвг ОН» CH,'9CH,"80H з 13C, 


22.79 
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H5SO,, H,! 80 СН; 


180 
| 
13 


СНЊСЊОН 
сну” "OCH;CH; 


HSO, 


H2'80 
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22.81 


a. Docetaxel has fewer C's and one more OH group than taxol. This makes docetaxel more water 
soluble than taxol. 


OH 
= ROW NHR 
HO нң carbamate 
o. Ао 
oe 
О 
О: О: :О: :О: 
Е " C NL ais К + - se + 
В Re NHR o san RO SR 
1 4 3 2 
most stable least stable More basic N atom allows N to 
donate electron density more 
Increasing stability: 4 « 3 « 2 « 1 than O, so this structure 
contributes more than 3 to the 
hybrid. 
ита + 
of HOH, ‘on а, 
| очи MS. LO NA 
С: x 
07 ^NHR O^ ^NHR lec gore A 
dL р Н-—ОН> 
+ Н2О H2O + 


HsO* = + CO; + О 


docetaxel 


+ CH3CO,H 


Chapter 22—32 


22.82 
О О 
c and c 
а. сна“ СООН» CH3CH,~ "OH 
contains a broad, strong OH 
absorption at 3500-2500 cm! 


Ww О... 


Cl 
Acid chloride CO absorbs at 
much higher wavenumber. ketone 


22.83 
О 


а. СєН„СООСНУСНз CH3;CH,;,COOCH.CH, 4 р 


Increasing wavenumber 


22.84 

a. СНО — one degree of unsaturation 
IR: 1738 ст“! -> C=O 
ММВ: 1.12 (triplet, ЗН), 1.23 (doublet, 6 H), 
2.28 (quartet, 2 H), 5.00 (septet, 1 H) ppm 


tul 


D. сна 
IR: 2250 ст“! — triple bond 
NMR: 1.08 (triplet, 3 H), 1.70 (multiplet, 2 H), 
2.34 (triplet, 2 H) ppm 
CH3CH2CH2CZN 
с. CgHgNO 


598 | Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


О О 


с. кр апа P 


C=O at < 1700 ст“! 2 NH absorptions at 3200—3400 стт! 
due to the stabilized amide C=O absorption higher wavenumber 


d. о— он and О 
CH3 


OH absorption at 


2 


3500-3200 ст“! + C=O only C=O 
most resonance least resonance 
b. stabilized stabilized 
CH4CONH; CH4COOCH; CH;COCI 


ИНД. 
Increasing wavenumber 


d. C4H;CIO — one degree of unsaturation 
IR: 1802 ст“! — C=O (high wavenumber, RCOCI) 
NMR: 0.95 (triplet, 3 H), 1.07 (multiplet, 2 H), 
2.90 (triplet, 2 H) ppm о 


CI 
е. C5H4690» — one degree of unsaturation 
IR: 1750 ст“! + С=О 
NMR: 1.20 (doublet, 6 H), 2.00 (singlet, 3 H), 
4.95 (septet, 1 H) ppm. 


РЕМ 


f. C49H420» — five degrees of unsaturation 
IR: 1740 стг! —> C=O 
NMR: 1.2 (triplet, 3 H), 2.4 (quartet, 2 H), 
5.1 (singlet, 2 H), 7.1—7.5 (multiplet, 5 H) ppm 


IR: 3328 (NH), 1639 (conjugated amide C=O) ст“! о 


ММА: 2.95 (singlet, 3 H), 6.95 (singlet, 1 H), 
7.3-7.7 (multiplet, 5 Н) ppm 


ан 


9. Сан,40з — two degrees of unsaturation 
IR: 1810, 1770 ст“! — 2 absorptions due to 
C=O (anhydride) 
NMR: 1.25 (doublet, 12 H), 2.65 (septet, 2 Н) ppm 


ey 


22.85 


22.86 


22.87 


22.88 
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A. Molecular formula C459H42O2 — five degrees of unsaturation 
IR absorption at 1718 ст“! — C=O О 
ММА даа (ррт): 
triplet at 1.4 (СН. adjacent to 2 H's) о“ 
singlet at 2.4 (СНз) 
quartet at 4.4 (CH, adjacent to СНз) 
doublet at 7.2 (2 H's on benzene ring) 
doublet at 7.9 (2 H's on benzene ring) 
B. IR absorption at 1740 ст“! -> C=O 
NMR data (ppm): 


singlet at 2.0 (CH3) id 
triplet at 2.9 (СН; adjacent to CH;) б 
triplet at 4.4 (СН, adjacent to CH;) 
multiplet at 7.3 (5 H's, monosubstituted benzene) 

Molecular formula C;9H;3NO. — five degrees of unsaturation 


IR absorptions at 3300 (NH) and 1680 (C=O, amide or conjugated) ст“! 
NMR data (ppm): 


triplet at 1.4 (СНз adjacent to CH») N СНз 
singlet at 2.2 (СНаС=0) Ty 
quartet at 3.9 (СН, adjacent to CH3) CH4CH,O о 
doublet at 6.8 (2 Н'ѕ оп benzene ring) | 
phenacetin 


singlet at 7.2 (NH) 
doublet at 7.4 (2 H's on benzene ring) 


Molecular formula C44H458NO» — five degrees of unsaturation 


IR absorption 1699 (C=O, amide or conjugated) ст“! Сна О 

ММВ даїа (ррт): = )— 
triplet at 1.3 (З Н) (СНз adjacent to CH;) CH3 ОСЊСН 
singlet at 3.0 (6 H) (2 CH3 groups оп М) с 


quartet at 4.3 (2 Н) (СН, adjacent to CH3) 
doublet at 6.6 (2 H) (2 H's on benzene ring) 
doublet at 7.9 (2 H) (2 H's on benzene ring) 


а. Molecular formula CgH42O»5 — one degree of unsaturation 
IR absorption at 1743 ст“! > C=O 


1H NMR data (ppm): О 
triplet at 0.9 (3 Н) – СН» adjacent to CH» p 
multiplet at 1.35 (2 Н) - СН, D 


multiplet at 1.60 (2 Н) – СН, 
singlet at 2.1 (3 Н — from СНз bonded to C=O) 
triplet at 4.1 (2 Н) – СН, adjacent to the electronegative О atom and another СН, 
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b. Molecular formula CgH42O»5 — one degree of unsaturation 
IR absorption at 1746 ст“! -> С=О 
'H NMR data (ppm): pu 
doublet at 0.9 (6 Н) — 2 CHs's adjacent to CH d 
multiplet at 1.9 (1 H) E 
singlet at 2.1 (3 Н) – СНз bonded to C=O 
doublet at 3.85 (2 H) – СН; bonded to electronegative О and CH 


22.89 
Ко: "PR There is restricted rotation around the 
7 / amide C-N bond. The 2 H's are in 
ЗОНЕ CICH? C, different environments (one is cis to an O 
| © NH» мн atom, and one is cis to СНС), so they 
H | give different ММВ signals. 


different 
environments 


| 


This resonance structure gives a significant 
contribution to the resonance hybrid. 


4.02 ppm | m di 
7.35 and 7.60 ppm 


22.90 
8 Bu — B. 
5 -OH | H20 | -OH | 0 
Т CeHs - C OCH;CH; CeHs - C7 OCH;CH; CeHs - C -OCH;CH; y. 
сен босньсн OH OH o- Сен” , OCH;CHs 
675 20H3 | 18 
+ ОН 


ethyl benzoate Two OH groups are now equivalent 


and either can lose H5O to form Unlabeled starting material 
labeled or unlabeled ethyl benzoate. was recovered. 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 601 


Carboxylic Acids and Their Derivatives 22—35 


22.91 
NH 
мн» НИ е? RCH,CH,NH» 
ЕТ 
abbreviate as: „С. H-C-O: 
N NH =.. »* 
" B TOS снаоос 
CH4O * CH3;00C 
CH4OOC* ^-^ “ОСОСН» 
снаоос“ ~“ YOCOCH; ЗЕН 
= 3 
OCH 
proton transfer 
CN 
Ti, НО: Е (S SN 
RCH;CHN RCH;CH5NH) | Өн» АСН»СН»МН ‚ОН 
BN 26+ 2077 
H H 
снаоос ~ CH,00C any proton CH,O0OC 
source 
CH,00C” ~“ “ососн; снаоос“ ~“ YOCOCH снаоос“ ~“ YOCOCH; 
ОСН: ОСН. ОСН: 
| R 
RCH;CHN О pO м 
30 
CH300C U 
CH300C ОСОСНз CH3,00C 
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Chapter 23: Substitution Reactions of Carbonyl Compounds at the a Carbon 


* Kinetic versus thermodynamic enolates (23.4) 


? Kinetic enolate 
2 * The less substituted enolate 
• Favored by strong base, polar aprotic solvent, low temperature: 
kinetic enolate LDA, THF, —78 °C 
О 


_ В Thermodynamic enolate 
* The more substituted enolate 
• Favored by strong base, protic solvent, higher temperature: 


mer IC NaOCH2CH3, CH3CH?0H, room temperature 
enolate 


+ Halogenation at the о carbon 
[1] Halogenation in acid (23.7A) 


О 
сн X2 * The reaction occurs via enol intermediates. 
n К CHCOOH e Monosubstitution of X for H occurs on the a 
Xə = Cl, Bro, or 5 a-halo aldehyde carbon. 


or ketone 


e The reaction occurs via enolate 


О 
Pa Eas intermediates. 
M -OH * Polysubstitution of X for H occurs on the a 
H H carbon. 


X = Clo, Bro, or Ip 


[3] Halogenation of methyl ketones in base—The haloform reaction (23.7B) 


О О * The reaction occurs with methyl ketones, and 
y Xa (excess) С + HCX results in cleavage of a carbon-carbon o 
А” СН: -OH А267 3 bond 
haloform ond. 


Xo = Clo, Bro, or Ip 


604 
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+ Reactions of a-halo carbonyl compounds (23.7C) 


[1] Elimination to form о, -unsaturated carbonyl compounds 


о | О * Elimination of the elements of Br and Н 
a LiCOs p. =. 
R ве ^ R F В forms a new x bond, giving an a,ß- 
Br DMF us unsaturated carbonyl compound. 


[2] Nucleophilic substitution 


О ЫШ О e The reaction follows ап 542 mechanism, 
„Да, Br lo 07 y „Дам generating an a-substituted carbonyl 
compound. 
+ Alkylation reactions at the a carbon 
[1] Direct alkylation at the a carbon (23.8) 
о о e The reaction forms a new C-C bond to the 
9 a H [1] Base pa aR |+ X a carbon. 
К [2] ВХ К • LDA is a common base used to form ап 


intermediate enolate. 
e The alkylation in Step [2] follows ап 52 
mechanism. 


[2] Malonic ester synthesis (23.9) 


[1] NaOEt R—CH,COOH • Тће reaction is used to prepare carboxylic 
[2] RX а acids with one or two alkyl groups on the a 


" [3] НзО*, А carbon. 
H-C,COOEt — e The alkylation in Step [2] follows an Sy2 
COOEt mechanism. 


iethyl malonate 1] NaOEt 1] NaOEt a 
une ПАН. Е |500 
[2] RX [2] R'X B 
[3] НзО*, ^ 


[3] Acetoacetic ester synthesis (23.10) 


* The reaction is used to prepare 


. [1] NaOEt ketones with one or two alkyl 
О [2] RX groups on the а carbon. 
| Ба . . 
yee" [3] Hg", А • The alkylation in Step [2] follows 
CH3 C—H = ; 
| an 52 mechanism. 
COOEt 
ethyl acetoacetate |_[1]NaOEt , 1] NaOEt 
[2] RX [2] ВХ 


[3] НзО*, A 
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Chapter 23: Answers to Problems 


23.1 * To convert a ketone to its enol tautomer, change the C=O to C-OH, make a new double bond to 
ап a carbon, and remove a proton at the other end of the C=C. 
* To convert an enol to its keto form, find the С=С bonded to the OH. Change the C-OH toa 
C=O, add a proton to the other end of the C=C, and delete the double bond. 


[In cases where E and Z isomers are possible, only one stereoisomer is drawn.] 
HO О 


cr sD —'D 


Draw mono enol 
tautomers only. 


у 


(Conjugated enols are preferred.) 


23.2 
О ОН ОН 
AL == p E pw eo) 
2-butanone C=C has one C=C has two C's bonded to it. 


C bonded to it. | The more substituted double 
bond is more stable. 


23.3 The mechanism has two steps: protonation followed by deprotonation. 


:OH +0-Н н,ӧ :0: 
A Гон, Pu Мон Е н 
= å Н + њо 
зо 
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23.4 


т 
об 
23.5 
О: :O: О: :0: О O: 
a. | |1 | ji | | 
CRC. MEL „С~ 2С. TCI ees 2С. 2С. 
CH,CH,O^ 767 ^осньСнз CH,CH;O^ 707 ^оСньСна CH,CH,O^ 7C^ "OCH;CHs 
H H H 
О О: :0: OF yo О: 
| | | 
2С XR C E C C 
B он OH  COOHDCHs > Сн ос“ "осњењ сну “с^ "OCH;CH, 
| | 
H H 
О: бу :0: 
Cu Е C PEN C. = 
© сну "“ёнс=м: сн “SCHC=N: сн с=с=№ 
H 
23.6 The indicated H's are а to a C=O or C=N group, making them more acidic because their 
removal forms conjugate bases that are resonance stabilized. 
О 
| 2 2 
а. СН. ^CH,CH,CH b.  CH3CH;CH;- CN с. C. d. 
| 272973 Е CH,CH,CHZ ~ `OCH;CH; о о 
| [ен 
23.7 
—H* 
-н |-+ 9. в 
no resonance stabilization Two resonance structures Three resonance structures 
least acidic stabilize the conjugate base. stabilize the conjugate base. 


intermediate acidity most acidic 
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23.8 In each of the reactions, the LDA pulls off the most acidic proton. 


О О 
LDA = P LDA = P 
a. c, СНС CHa- 
THF OCH,CH, THF OCH2CH3 
CHO LDA CHO CN LDA CN 
b THF d ак ТНЕ ewe 
23.9 
s gas 
о o о O о о 
—— + |СН, 
"Ls ocn, A Но“ ти 
H + MgBr* 
CH3-MgBr 


The CH»? between the two C=O’s contains acidic H's, so CH3MgBr reacts as a base to remove a 
proton. Thus, proton transfer (not nucleophilic addition) occurs. 


23.10 * LDA, THF forms the kinetic enolate by removing a proton from the less substituted C. 
* Treatment with МаОСНз, CH30H forms the thermodynamic enolate by removing a proton 
from the more substituted C. 


LDA, THF Pw 7а (0) 
О - _ 
О LDA, THF 
a. P о А 


NaOCH3 pu 
~ О 
CHOH c NaOCH; 
[0] => 
СНОН 
О ГОА, ТНЕ Е 
b NaOCH; О 
CH4OH r 


23.11 
a. This acidic H is removed with base to form an achiral enolate. 


| о о [e 
H 
сн. Маон ^ но gene # 
Н + 'H 


(2R)-2-methylcyclohexanone achiral 


Protonation of the planar achiral enolate occurs with 
equal probability from two sides so a racemic mixture is 
formed. The racemic mixture is optically inactive. 
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us NaOH 


“CH3 “бнз | сњ 


(3R)-3-methylcyclohexanone 
This stereogenic center is not located at the a carbon, 

so it is not deprotonated with base. Its configuration is retained in 
the product, and the product remains optically active. 


23.12 
CI О 
Clo Bro, CH4CO;H 
a. С у= О С: 
H20, НСІ 
0 в 0 
pon H 26x 
CH3CH2CH>s H CH4CO;H CH4CH5CH H 
Br 
23.13 
О О 
2 И || | о о 
Bro, "ОН Вг - = 
с fo, О Br b 15, OH I I с u^ 1, OH "xe + HCl, 
23.14 
О О О 
а. e 1, -— с. d CH3SH 
IDr 
Br DMF Br SCH3 
О 
" AL сњонгмн, 
Вг NHCH,CH3 


23.15 Bromination takes place on the a carbon to the carbonyl, followed by Sy2 reaction with the 
nitrogen nucleophile. 


LSD 
(Section 18.5) 


СНз. " D 
A d 
N 


Br 
о о а b о 
Br, 2X, NHCH3 
CH3CO;H 
N N 


Сосн, COCH; COCH; 
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23.16 
о [1] LDA, THF [1] LDA, THF 
Кең А = po О О 
а. CHgCH; СЊСНа [2] CH,CH,I CH3CH; СНСНз с. [2] CH4CHI 
CHCH; 
o О 
иша [1] LDA, THF 
b. d. CHeCH2CN сна ав 
| 
[2] CHgCHaI ] СНзСН? CH,CH; 
23.17 
О 
[1] LDA, THF 
a. [2] СНА 
о О 


p чч Siren iod 2 
B [2] CHgl 
соосн, 11А THF 
с. [2] СНА 
23.18 Three steps аге needed: [1] formation of an enolate; [2] alkylation; [3] hydrolysis of the ester. 


corer DILDA | Coren ena CO 9m 
СНО CH4O СНО 


А 


[8] НзО* 


The product is racemic because the new 
stereogenic center is formed by СОН 
alkylation of a planar enolate with equal 
ili СНО 


probability from above and below. 
naproxen 


23.19 


PON ва. А а i о i = 
в CH4CH,OH E SER CH4CH,OH ае 


О О О 
pw = p = 
C. 


(from a.) 
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О 
О LDA " CH3Br 

d. THF ух 

(from b.) 
23.20 

CH» 
i сна! B В" со 
LDA i 
[ +o "THF [ +o : a com о e M 
o o o CHgCO3H o 


M DMF 
с a-methylene- 
y-butyrolactone 


23.21 Decarboxylation occurs only when a carboxy group is bonded to the a C of another carbonyl 


group. 
COOH | 
COOH О 
* ~ ooon * Фе: с. A} c00H d. 
a соон | Ж 
a 
YES NO YES NO 
23.22 
[1] МОЕї H4O* " CH3 
а. CH(CO-Et)2 -z - P -( сн,-сн,соон Ы. CH,(CO,Et)) [!INaOEt [1] NaOEt Нзо* сн.-6-соон 
l 


cy [2] CHBr [2] CHBr А 
COOH 
$ )-ооон 


23.24 Locate the a C to the COOH group, and identify all of the alkyl groups bonded to it. These 
groups are from alkyl halides, and the remainder of the molecule is from diethyl malonate. 


23.23 


a си ^g 


b. вту ч Вг 


а. (СНз)»СНСН»СНЬСН»„»СН»ь--СН„СООН 


Qa 

[1] NaOEt H30* 
CH2(CO2Et)2 - ~ — (CH3)>CHCHsCH»,CH,CHsCH,COOH 

[2] (СНз)>СНСН>СН»СНЬСНЬВг А 

b. 
Ap ооо 
а 

[1] NaOEt [1] NaOEt HsO* 

СН>(СО2Е\ > - - - COOH 


[2] CH3CH2CH,Br [2] CH3CH2CH(CH3)CH2CH2Br A 
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с. | (сн,сн,сн,сн,),Існсоон 


а 
[1] NaOEt [1] NaOEt Н40" 
CH2(CO2Et)2 = E - (CHgCH»CH2CH>)s>CHCOOH 
[2] CH3CH2CH2CH2Br [2] CH3CH2CH2CH2Br A 


23.25 The reaction works best when the alkyl halide is 1? or CH,X, since this is an 5,2 reaction. 


XT а 
a. | (Сногојоњсоон b. || noe c.  (CHs)sC-COOH 
n 22 
(СНз): СХ ях | This compound has 3 СН» groups on the а 
3? alkyl halide aryl halide carbon to the COOH. The malonic ester 
(too crowded) (leaving group on an synthesis can be used to prepare mono- and 
sp? hybridized C) disubstituted carboxylic acids only: RCH;:COOH 


> Я апа RsCHCOOH, but пої ВзССООН. 
Aryl halides are unreactive 
in Sy2 reactions. 


23.26 
О О О 
a c [1] NaOEt С b i [1] NaOEt à 
CH4 ^ "CH,CO,Et СНУ ~CHsCH3 PUO = ибн 
3 2v 2 [2] het СН; СЊСОЉЕ: [2] СНАСНСЊВг СН; çH CH» 
[3] НО", А [3] NaOEt СН;СЊСНА 

[4] CeH&CH,I 
[5] НзО*, A 


23.27 Locate the a C. All alkyl groups on the a С come from alkyl halides, and the remainder of the 
molecule comes from ethyl acetoacetate. 


i О [1] NaOEt H3O* ü 
чы. ~ = MIS 
а. сну `CH2|CH2CH3 сн geo m [2] CH,CH;Br А сну — 'CH?CH;CHs 
a 
О О [1] NaOEt [1] NaOEt Но“ н 
p. C... -COOEt - - - ~ 
b. СНА ^CH(CH;CHgs | СНА СОН; []]CH,CH,Br [2] сн,сн,вг A CH” "CH(CH;CH3lo 
а 
а. о о 
[1] NaOEt [1] NaOEt НзО* 


> 


Д 
oe ANAN „С -СООЕї 
; СНУ "CH, [2] CH3CH2Br [2] CH3(CH2)3Br A 


23.28 


I О 
С " Ax ABE NaOEt | CO Et 
СНУ `СН,СО,Еї Br 
3 ERE (2 equiv) СНз 
X 
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23.29 


О [1] NaOEt 
а сн does СОБЕ! [2] CO,Et 
3 2592 NU 2 CH4O 


nabumetone 
CH4O 


[1] LDA, THF О 


О 
LC. 
b. СНУ “СНз Меси 
CH3O СНзО 


nabumetone 
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23.30 Use the directions from Answer 23.1 to draw the enol tautomer(s). In cases where Е and 2 
isomers can form, only one isomer is drawn. 


иу 
"m 


(mono pa form) 


b [ о "А M 
OR 


conjugated enol 
(more stable) 


conjugated enol p di 
(more stable) 


О он Pa E 
Se Re 1 we MEN unconjugated enol 
D^ cw T 


(less stable) 
+ 


* 


OH OH 


о он 
Сон | он 


23.31 
О: 0: :0: О: The ester С=О is resonance stabilized, and is therefore 
pu m le hes less available for tautomerization. Since the carbonyl 
OCH;CH3 OCH;CHs form of the ester group is stabilized by electron 
ethyl acetoacetate delocalization, less enol is present at equilibrium. 
23.32 


О 
а. EE с. CX TI e. ю— < 
OH 


CHCH; 
о | | 
b ДА | 
| d. OMo—( popon f ДУ 
| То | s j 
23.33 
о 
а. CH,CH,-Q Я ak 
| | e „ЕЈ њ Ô Ha 
Ha Hp Н Ta 


На is part of a СНз group = 
least acidic. 

Нь is bonded to an a С = 
intermediate acidity. 

Н, is bonded to O = most acidic. 


H, is bonded to an sp? hybridized С = least acidic. 
На is bonded to an a C = intermediate acidity. 
Нь is bonded to an a C, and is adjacent 

to a benzene ring = most acidic. 


| 
614 | 
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Ha Hp 
Н, is bonded to ana C = 
least acidic. 
Н, is bonded to ап a C, and is 
adjacent to a benzene ring = 
intermediate acidity. 
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о He 
COOH 
d. 
H- Hp 
H— На 


Ha is bonded to an sp? hybridized 
C = least acidic. 

Hp is bonded to ап a С = 
intermediate acidity. 

Н, is bonded to О = most acidic. 


О 
е. one 
e 5: 
| Hp He 


Hp is bonded to an sp? hybridized 
C = least acidic. 

He is bonded to ana C = 
intermediate acidity. 

H, is bonded to О = most acidic. 


Нь is bonded to an a C between two 
C=O groups = most acidic. 


23.34 


О О 
О О 
е. 
О ТНЕ О ТНЕ 
О О 


23.35 Enol tautomers have OH groups that give a broad OH absorption at 3600—3200 cm !, which 
could be detected readily in the IR. 


23.36 
= Removal of H, gives two 
H, Hy remove Ha = Hy Hp resonance structures. The 
~ Ha Ha negative charge is never on O. 
На Њ Hp Hp 


О О О 


О О 

\ 
На Нь remove H, Ha -H Ha 4 Ha i 
Hj Hp Hs us На M "Hj Р 


Removal of H, gives three resonance structures. The negative 
charge is on O in one resonance structure, making the 
conjugate base more stable and Hj, more acidic (lower pKa). 
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a 3 He O 5,5-Dimethyl-1,3-cyclohexanedione exists predominantly 
in its enol form because the C=C of the enol is conjugated 
with the other С=О of the dicarbonyl compound. 
Conjugation stabilizes this enol. 


5,5-dimethyl-1,3- 
cyclohexanedione 


О О НО О The enol of 2,2-dimethyl-1,3-cyclohexanedione is not 
DL conjugated with the other carbonyl group. In this way it 
resembles the enol of any other carbonyl compound, 


and thus it is present in low concentration. 
2,2-dimethyl-1,3- Р 
cyclohexanedione 


23.37 


23.38 In the presence of acid, (R)-a-methylbutyrophenone enolizes to form an achiral enol. 
Protonation of the enol from either face forms an equal mixture of two enantiomers, making the 
solution optically inactive. 


О О 


Нзо“ 


achiral 


(R)-a-methylbutyrophenone (E and Z isomers) 


In the presence of base, (R)-a-methylbutyrophenone is deprotonated to form an achiral enolate, which 
can then be protonated from either face to form an optically inactive mixture of two enantiomers. 


or 


achiral 


О О 


(R)-a-methylbutyrophenone 


23.39 Protonation in Step [3] can occur from below (to re-form the R isomer) or from above to form 
the S isomer as shown. 


| 


achiral enol 


R isomer NA + AF 
inactive enantiomer 
[3] 
+ H ~H | SH. 
X 6. A „0, Ane оя 
x УҢ [4] í “OCH С "OH 
:0: :02 ОН 
+ H 
S isomer M 


active enantiomer (+ one more resonance structure) 
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23.40 


:О: О: О: О: 

C. CH = G e СН 1. С CH. ~~ = (Cas CH 
сн 077 3 сн (D % ен о“ бнг 70 3 

ester | 


The О atom of the ester OR group donates electron density by а resonance effect. The 

resulting resonance structure keeps a negative charge on the less electronegative C end 

of the enolate. This destabilizes the resonance hybrid of the conjugate base, and makes 
the a H's of the ester less acidic. 


О: О: :0: 
C. ON Cy 
CH; СОН» бн “СНз CH сн» 
no additional 
ketone resonance structures | 


This structure, which places a negative charge on the O 
atom, is the major contributor to the hybrid, stabilizing it, and 
making the a H's of the ketone more acidic. 


23.41 LDA reacts with the most acidic proton. If there is any Н2О present, the water would 


23.42 


immediately react with the base: 


CHCH ut. ЊЕ бн - КСНУснымн + и тон 
LDA 


O O 


es 


2,4-pentanedione 
base (1 equiv) 


О O О О О О 
[1] CH3I base [1] СНА о о 
Ay [2] H2O UA (279 equiv) pu [2] H2O |“ uw 


5 more nucleophilic site B 
One equivalent of base removes With a second equivalent of base a dianion is 
the most acidic proton between formed. Since the second enolate is less 
the two C=O's, to form A on resonance stabilized, it is more nucleophilic 
alkylation with CHsI. and reacts first in an alkylation with CHI, 


forming B after protonation with H5O. 
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P ^ NaOH P 
onae НО оньо) ie (CH3)3C 
2 


A B С 
сосн» H d 
(Снз)зС п (снз)зС MA (6Нјб ~- Z coch, 
one axial and one equatorial Both groups are equatorial. Both groups are equatorial. 
group, less stable more stable Р : А | : 
Compound C will not isomerize since it 
This isomerization will occur since it makes already has the more stable arrangement 
a more stable compound. of substituents. 


Isomerization occurs by way of an intermediate enolate, which can be protonated to either re- 
form A, or give B. Since B has two large groups equatorial, it is favored at equilibrium. 


СОСН» eb 
ш = 8 
(СНз)зС УН тон (CH3)4C kN 

=" planar enolate 


23.44 Protons on the у carbon of an o, f)-unsaturated carbonyl compound are acidic because of 
resonance. 


There is no H on this C, so a planar 
enolate cannot form and this 
stereogenic center cannot change. 


А р Protonation о the 
d N E: AF, E: ГА planar enolate can о gx 


occur from below 

(to re-form starting 
material), or from 
above to form Y. 


Remove the H on this y С. Removal of this proton forms a 


resonance-stabilized anion. 
One resonance structure places 
a negative charge on O. 


8 
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23.45 The mechanism of acid-catalyzed halogenation consists of two parts: tautomerization of the 
carbonyl compound to the enol form, and reaction of the enol with halogen. 


A higher percentage of the more stable enol is present. 


о снсоон 9H Оон | Bn " | 
PW ZA as po Br До + 
2-pentanone C=C has C=C has A Prig 
1 bond to C 2 bonds to C | duct f d 
more stable major product forme 


(E and Z isomers) from the more stable enol 


23.46 * The mechanism of acid-catalyzed halogenation [Part (a)] consists of two parts: 
tautomerization of the carbonyl compound to the enol form, and reaction of the enol with 
halogen. 

* [n the haloform reaction [Part (b)], the three H's of the CH, group are successively replaced by 
X, to form an intermediate that is oxidatively cleaved о Базе. 


:0: E 
FUN :0-H ol TEN :0-H T 


a ae p e :0: 
, © I H РЕ ex E H  :Br-Br: NUN 
јој + .. 


: :0: Ог О: 
„н [1] =H <a МТ [2] c" 
b. ae | D LH +r 
^j H H 


4 Repeat 
ан + ЊО [1] апа [2] 
two times. 
:0: Л 205 
} cE “Cls __ D^ 
ond ___ er i 
+ CHI; | 


23.47 Use the directions from Answer 23.24. 
a. СН»ОСН» CHCOOH SS CH30CH,Br а 


COOH == 
a с. 204 апа 
„——7 
b. pu ===> pu" I Br 
Сан | COOH Сен 
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23.48 


[1] NaOEt Кон 
CH2(CO2Et)2 - >  CH4CH;CH;CH;CH;CH;COOH 
[2] CH3CH2CH2CH2CH2Br 


[1] NaOEt [1] NaOEt  HO* 
СН»(СО»Е > " ^ ЈЕ 
A COOH 


[2] CH3CHsCHsCHsCH2Br [2] CH3Br 


а. |CHSCH;CH;CH;CH;|CH;COOH 


b. | ~ ~ COOH 


а 
1] NaOEt 1]NaOEt НзО* 
с. AAA} 0008 СН: СОБЕ» x -— -— = 
N [2] (CH); CHCH;CH;CH;CH;Br [2] СНзВг 
a 
23.49 
о O [1] NaOEt оо шмон — — OEt 
a al 
NN ee i СОС пагона aoc 
Но" 
A 
О. 
H 
О 
valproic acid 
23.50 
1] NaOEt H3O* 
a.  СН›(СО›Е i EE AE ( )—соон 
[2] BICH;CH2CH;CH;CH;Br A 
[3] NaOEt 
b. ( )—соон а { )—осңон 
[2] H2O 
(from a.) 
CH3OH 1] CH3MgBr (2 equi i 
И { )—соон : (сон, кыы е с-он 
HSO; [2] H2O CH 
(from a.) | 


H3CH,OH 1] LDA CH 
d. ( )—соон СОНО (> сооснасн, n > ° 
H2SO4 [2] СНА COOCH2CH3 


(from a.) 
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23.51 
О _ О 
О [1] Nat "СН(СООЕ; НО с | [1] Na+ "СН(СООЕ | 
а. /\ - 1 : pon [2] H,O ~ UC. 
CH, [2] H2O CH4CHCH; - CH(COOEt), СНУ СС! 2 СНУ `СН(СООЕф» 
nucleophilic attack here 
о o it О 
= СН(СООЕ!) И 
-o .[HHlNa*-CH(COOE)? носн,Сн(сооЕї d. с wine р 
b. СЊ=0 "DIH,O E Р сну ^o^ сна [2] H20 СНЕ ^ CH(COOEt) 
+ СНСООН 


23.52 Use the directions from Answer 23.27. 


о ЈЕ 9 [1] NaOEt ње" 9? 
a. Tu CH Боне [2] тос > " dE 
3 2 Br 
О а о 
Д] | [1] NaOEt [1] NaOEt нао" 
. C... -COOEt - - 
- сну“ СОН; [2] CH,CH,Br 2] ub 2 
о | Ё m [1] NaOEt Көн о 
___ -COOEt 
eA ELLA сну CH; [2] Br^ SS A PN 
от T 
d. | R "T [1] NaOEt Коп 
сну ^CH; [2] A 
pe ви 
[3] NaOEt 
23.53 
о О 
à BOUE [1] NaOEt H34O* g 
DE t pon 
a H^ SCH, [2] CH3CH,Br А ОНА ОО 
9 [1] NaOEt [1] NaOEt — Но“ O 
С -COOEt - - - E 
D. сну СОН; [2] CHBr [2] CHBr — ^ СН” ~CH(CHg)z 
Ё LDA сна Ё 
C. CHS ~CH(CHs)> THF CH4^ ^CH(CHg); СНАСН "CH(CHg)e 
(from b.) 
0 NaOCH, 9 сна Y 


CL C. - ~ 
d. сну ^CcH(CHg; CHOH сну ~C(CHg)o сна ~ ~C(CHs)3 
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23.54 
о О 
Li;COs ЈП ймы О О 
а. LiB [1] Bro, CH3CO5;H 
B DME (E and 2) E а 
r [2] LisCOs, LiBr, DMF 
О О 
Е COOH О О 
| 4 > т^ Ip (excess) P dh o7 
9. + CHI3 
-OH 
COOH COOH 
Шш CH3CH> 
| Ман _ 
C. СНЗСН,СН,СОЕї CH3CH»CHCO,Et ha AN” cy DL C=N 
[2] CHCH 
О 
р Вг (CH); CHNH, NHCH(CHjo | Xd e excess) хо 
Br Br 
О О о О 
[1] LDA 
e. j. 
[2] CH.CHI | | 
23.55 
О О О о ò 
| [1] LDA one o [1] LDA o 
a. RUNS шз * C. 
УМУ я e 
[2] Б [2] Сну У 
1 D 
H 
[1] LDA о EF 
b C. 
WS CY i 
[2] i 
С 
сна `I 


p-isobutylbenzaldehyde A 


у“ [1] РВга 
[2] NaCN 


[2] посна | 
B 
Нао“ 
^ 


COOH 


ibuprofen 
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ie те [1] LDA ду = Е [2] [JCH _ A 
removal of the substitution 


most acidic H reaction 


Removal of the most acidic proton with LDA forms a carboxylate anion that reacts as a 
nucleophile with CH3I to form an ester as substitution product. 


23.57 


CO,CH3 CO2CH3 


Cl oh sp? hybridized en 
Clon sp? C does not react. The N atom acts as a (racemic) 
hybridized C reacts nucleophile to displace CI-. 


н, COOH H i H i eod C S isomer и БРАН 
__Снаон | TsCl TsO 5 
H5SO, pyridine inversion of 
configuration 
S2 ae 
(single enantiomer) 
23.58 
О О О О 
LDA NaOCH;CHs; 
вг ТНБ Br СНзСН;ОН 
—78 °С room temperature 
A B A С 
23.59 
О О 
СО» с. H [1] LDA 
"coo! [2] CHsCHpI 
In order for decarboxylation to occur readily, the COOH 
group must be bonded to the a C of another carbonyl LDA removes a H from the less substituted 
group. In this case, it is bonded to the В carbon. C, forming the kinetic enolate. This 
product is from the thermodynamic enolate, 
[1] NaOEt which gives substitution on the more 


b. СН>(СОЕф> (CH4CH5)3CCH(COsEt)o 


[2] (СНАСН;)4СВг substituted а С. 


The 3? alkyl halide is too crowded to react with the 
strong nucleophile by an Sy2 mechanism. 
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23.60 
О О 
22 
+ Г 
О 
~ + Г 
23.61 
(lo: 
LN О: 
О О :0: /O O's О ноу 
= | G OEt 
ЕЮ 2 “ОЕ! ЕЮ” “Y< ов #07) OEt О 
H H H р 10 
+ НОЕ! “ 
TÖEt 
Su 
O: H o 
ue S OEt 
:О 
+ Br 
О: и UB :0: Qr б 
H д This reaction occurs 
Я —— = "ami EN S e | : 
AN Br NA Br AVV Br with both bases [LDA 
CgHs CeHs CeHg + HB* Сен; | and КОС(СН;) з]. 
+ Br 
О: О: CeHs 
~ NA 
2 В ш тү Вг + Br 
is CH О: 
ТОС(СНа)з + НОС(СНз)з 
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23.63 
15 new C-C bond 


О OCH;CH3 о ОСЊСНа О 
е Ф LDA 
THF ^ [2] 
ra H -78°C ү" = н 
1 
Remove A u C Cl 
proton here. —/ U + ce 


№ [e 
2nd new С-С bond 
+ СГ 


23.64 
[e о 
COCHs о, Cl H»NC(CHs)3 NHC(CHs)3 
a; но, HCI 
COCH; -оң, 1 COO uo. COOH 
b. excess 
t CHI 
О Он 
" сосн» [1] LDA, THF [1] LiAIH4 
[2] CH;CH»CH>Br [2] H2O 
О О о 
сосн» P 
d Cy [1] LDA, THF Be. __ со; | 
[2] СНаВг СНзСООН Вг LiBr 
DMF 
23.65 
о о 
Bro Br 
a 
CHCOOH 
o О 
ђ ea маосна үе 
(from a.) 
О О ОН 
Z 
[1] LDA, THF Z n]LiAIH, eid 
с. [2] CH? CHCH;Br [2] H2O 
О [e О 
[1] LDA, THF [1] LDA, THF 
d. [2] CHgBr [2] СНАСЊВг 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 625 


Substitution Reactions of Carbonyl Compounds 23—23 


CH3CH Br 
[1] Li (2 equiv) 
О [2] Cul (0.5 equiv) О 
^ Xe [1] (CH5CH2);CuLI 
LiBr [2] ЊО 
DMF 
LO 
О О 
[1] LDA, ТНЕ Br NaOCH;CHs 
[2] BrCH,CH,CH,CH,Br 
o О О О 
[1] LDA, THF [1] LDA, THF В Н2СОз 
СНзСООН Вг LiBr 
[2] CH4CH;Br [2] СНАСН;Вг DMF 
[9) О 
los [1] МаОСН>СНз Br, Br LisCO, 
aa LiBr 
[2] CHSCH;Br СНзСООН DMF 
(from g.) 
23.66 
О О О О 
а : 
АСЬ FeCl, CH3CO3H Br 
Cl Cl 
H NC(CHs)3 
[9) 
NHC(CH3)s 
CI 
bupropion 
23.67 
PBr. [1] NaOEt 
OH 3 Br _Д соон ay COOEt 
a 
О 
? ? оо 
i Ри. јон gc но" JU = носњснон ри 
[2] НС=ССН»Вг ^ TsOH 
[2] СНА 
о NE S Г \ 
Z zs в Н оо 
22 Lindlar catalyst Pv „——==—осн, 
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о“ [Naor - COOEt co. NaBH, 


( Уен, 
23.68 
о О О 
Вг. CH3CH2NH 
а: TF —— а а 
снасоон | NH, (excess) 
Br СНАСЊВг МНСЊСНа 
| PB, 
СНзСН>ОН 
О OH 
_ 200: _ NaBH, 
b. EN 
oet LiBr CH,OH T 
Br DMF 
(from a.) 
ZU ег 
FeBra 
[1] Li (2 equiv) 
[2] Cul (0.5 equiv) 
О О 
whe Шш сш ку ү 
[2] HO wets 
(from b.) 
ОСЬ 
pes CH4OH 
d { ен вг 22 ( єн 
: г = ~ 
TU w У > Ас 


[1] Li (2 едим) 
[2] Cul (0.5 equiv) 


a 
NEL Аа ИЕС 222 ee И Ре dm Св Пр 7 


2] H2O 
(from b.) EINE 
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о о 
CH,CHpI 
HO A m so -0 CH,CH4O 


most acidic H 


To synthesize the desired product, a protecting group is needed: 


о О 
TBDMS-QCI 
Г. imidazole 2 © 
TBDMSO TBDMSO 
HO A _ CH3CHoI 
TBDMSO 


23.70 

CH2( | Nace 

NaOEt 

те. РВ» „ щш ÅA онвоовђ, 
ГИ e њо? а 
SOCK, 
ре COOH 

23.71 


O H, Hy 


a. у = (снн С 
1] СНАЦ 3)2 их 
AA, Меш, d od A | сњсњењ“= He 
рон © a Hp 


С7Н14О — one degree of unsaturation 
IR peak at 1713 cm | — C=O 
'H NMR signals at (ppm) 

Не: triplet at 0.8 (3 H) 

На: doublet at 0.9 (6 H) 

На: sextet at 1.4 (2 H) 

Не: triplet at 1.9 (2 Н) 

Нь: septet at 2.1 (1 Н) 
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CH,—I 
V 


23.72 Removal of H, with base does not generate an anion that can delocalize onto the carbonyl О 
atom, whereas removal of Нь generates an enolate that is delocalized on О. 


COCH; СОСН; СОСНЗ 
Delocalization of this sort can't occur by 
removal of Hà, making Ha less acidic. 


H H 
Ó Or 
ч ай Ра СОСН; СОСН; 
Removal of Нь gives an anion 
that is resonance stabilized so 
Hy is more acidic. 
Mechanism: 
NIMM :Осњ CO,CH; COCH; CO,CH; 
A ~ 
> Y e^ 7 
r 
id , 0 DUTY О ioe + Br 
+ СНОН ` 
'* СОСН: 
DN 
2 
0: 
CO2CH3 
i Hö 
ОН + Z - Z 
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Substitution Reactions of Carbonyl Compounds 23—27 


23.73 
CHs-Li 
:0 5 OCH;CHs 
У 
— 
| H OH 
We n poe n 
:0: :OH :OH2 
CH, ОСЊСНа H.O* CH, ОСЊСНа сн. ОСЊСНа CH3 OCH,CH3 
T Lit T T = 
E - 
НО T 
+ Me + НО + HO 
X Cae 
+ H20 | 
ö m т: OH, 
СНз «OH CH3 СНз CH3 OCH,CH3 
У men OCH;CH; LM 
Tu Tu E 
T но Е нб 
w m 
Zo + њо О: 
— => + H30* 
+ HOCHsCHg 
23.74 
О: : : О: О 
© D | 
СТУ >> VALE 
> = 
br | = Ta 
Е е я H H 
H—NH, 
proton 
or transfer 
m п E x 
О: н-м ОН Он 
:0: 
Z __,‚ В 
. = m + X 


Мн» 
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Chapter 24: Carbonyl Condensation Reactions 


+ The four major carbonyl condensation reactions 


Carbonyl Condensation Reactions 24-1 


Reaction type Reaction 
[1] Aldol reaction , 10 25d ОМ Xu И е 
(24.1) вени “^н о r= 
H2O H R H4O* H R 
serai а p-hydroxy carbonyl (E and Z) 
(or ketone) compound a, B-unsaturated 
carbonyl compound 
[2] Claisen reaction 2 Д [1] NaOR' T О 
(24.5) АСНУ ^OR' [2] НзО* ВСН; "cH om 
ester R 


В-кею ester 


631 


О О 
[3] Michael reaction O X J -OR'or HO LAA 
(24.8) „Д -OH В 
o, p-unsaturated carbonyl 1,5-dicarbonyl compound 
carbonyl compound compound 
СА 
[4] Robinson L + Д7 -Он 
annulation (24.9) О О H2O о 
o, p-unsaturated carbonyl 2-cyclohexenone 
carbonyl compound compound 
Ф Useful variations 
[1] Directed aldol reaction (24.3) 
т HO bm 
„б, DIDA , Lu мн R, ZUR 
RCH А" [р] RCHO Wr or б сб, 
А" = Ногаку 110 нао" 
p-hydroxy carbonyl (E and Z) 


o, p-unsaturated 


compound 
carbonyl compound 
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[2] Intramolecular aldol reaction (24.4) 


[a] With 1,4-dicarbonyl compounds: o 


О 
NaOEt 
О ЕЮН 
[b] With 1,5-dicarbonyl compounds: О о 
NaOEt 
О ЕЮН 
[3] Dieckmann reaction (24.7) 
[a] With 1,6-diesters: OEt о о 
| 
о [1] NaOEt С. 
о  [2]HsO* (ү us 
OEt 
[b] With 1,7-diesters: OEt оо 
о о пон C-oEt 
[2] НзО* 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition | 
| 


Carbonyl Condensation Reactions 24—3 


Chapter 24: Answers to Problems 


24.1 


CH,CHO » u 2 M 
a. Cy Q ey cae en ~ CH;-C-CH;-C-CH, 
OH O CH 
о 
но сона | Me 
b.  (CHg)sCCH,CHO (CH)&CCH;C-C-CHO а, —9 
нн 


24.2 
CHO o O CHO 
d. C. e. EN 
Cy оне ^H (CH3sC ^ оњ СХ on 


no aH noaH aH 
no aldol reaction yes no aldol reaction yes yes 


и =». Ope Ду =. ЙД 
C. 2 


24.4 
~ uL Oso, T 
bd. eu ‚СТР uso; P 
7 4 
CH3-C-G-G оснз-с—С-С ——— ——* оваа c-o 4 ——— CH,H-CH-G 
| \ | | \ | | \ H 
HH H H H H H H H 
_ + H2SO4 
+ HSO, + Њо 


24.5 Locate the a and В C's to the carbonyl group, and break the molecule into two halves at this 
bond. The a C and all of the atoms bonded to it belong to one carbonyl component. The В C 
and all of the atoms bonded to it belong to the other carbonyl component. 
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Chapter 24—4 
24.6 
oe "ДЦ ОН 
| 
H H H E 6) 
PD Hh o= y% PU H rd 
d DO" — - 
:0: :0: :0: 
+ HO: | 
{он OH 
H-C H-C 
| POEM ~ P 
CHO С-Н £"c-H 
| Н 1 
+ Но о ER 
70H 
24.7 
CHO CHO 
a. СНСНьСНЬСНО апа CHs=O ——- d: B dini c. CgHgCHO O 
OH and ——- < 
О 
а к 
b. CeH;COCH; and СН=О —— (E and Z isomers) 
24.8 
Bika 
СОБЕ 
_CH2(CO2Ei)> _ СОБЕ» СНзСОСН»См _ 
COCH3 
E us. (E and Z isomers) 
рее CHp(COCHs)2 GOGH: 
24.9 
Е сно — 
ЕТА a NBh он 
но СНОН 
OH OH 
CHO CHO 
(Е апа 2 mixture) [2] НО 
CHO 
NaBH 
с. ИК №8 GH CHI CH; CH- C(CH;CH;)CH;OH 
СНОН 
(from b.) 
CHO 
1] CH3;MgB 
d. eee = ger CH3,CH,CH,CH=C(CH,CH3)CH(CH3)OH 
2 


(from b.) 
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Carbonyl Condensation Reactions 24—5 


24.10 Find the a and В C's to the carbonyl group and break the bond between them. 
О ОН 


бобу ст ДАДЕ 
ә mo 


24.11 


СНО 
о КЫ -м. ae eO G 
СНО СНзО donepezil 


24.12 All enolates have a second resonance structure with a negative charge оп О. 


:0: :0: [^ ux :0: Ог 
ANN Ace Aden + ВОН 
EtOH о С 
HH 


H 
A „д кон 
:б PS 6. = OH 5. SL ÖH ө] 
+ 3 a — * 
б-н 
+ ЕЮН 
24.13 
О 
b АА. TH 
a А 
сно ЊО Н>О 
24.14 


[1] Os CHO _ OH C» 
Lui ШШ = = ЕО О 
үу Ш o ess Yo ан 


1-methylcyclopentene 2-cyclohexenone 
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Chapter 24—6 


24.15 Join the a C of one ester to the carbonyl C of the other ester to form the В-Кею ester. 


О 
О о о 
- C се а 2 осн сн 
ОСН. OCH, | 5778 
| @ А O^ “осн,Снз 
а 


24.16 Ina crossed Claisen reaction between an ester and a ketone, the enolate is formed from the 
ketone, and the product is a B-dicarbonyl compound. 


о О 


a 
Only this compound 
can form an enolate. ХТ 
ОЕ! 
b. сон апі HCO,Et с” 
О 


Only this compound 
can form an enolate. 


a. CHCH COĻEt and HCO,Et 


О p о оо 
g сну он, ја сну он я pu 
The ketone 
forms the enolate. 
d © 0 оо 
@ anc G~ ШШ CY 
| 


The ketone 
forms the enolate. 


24.17 A B-dicarbonyl compound like avobenzone is prepared by a crossed Claisen reaction between a 
ketone and an ester. 


О О 
о 
4 
СЊО C(CH3)s 
or 
О О 
Break the molecule о” 
into two components + 
at either dashed line. сно C(CHs)3 


avobenzone 
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Carbonyl Condensation Reactions 24—7 


24.18 
[1] NaOEt ов, Ё [1] NaOEt 0 
Ы [2] (EtO),C-O ' CgH;CH,~ ~OEt [2] СІСО,Еї сре 
ЕЮ О 
24.19 
О 
CO,Et = ови ОЕ! 
[1] NaOEt П] NaOet | NaOEt a CH 
am Е \_ NV / : 
[2] (ЕЮ)>С=О | О PICHI - CHI О 
ЕЮ ЕО 
А 
НзО* 
А 
СОН 
ibuprofen 
24.20 
О 
СН»О»„С 
RUE COCH; base  СНзО CO;CHs 
CH40;C О E 
OR OR 
X 
1,6-Diester forms a five-membered ring. 
24.21 
О О о О О 
ОЕ! А 
tO ОЕ + ЕЮ 
О 
24.22 А Michael acceptor is an o, p-unsaturated carbonyl compound. 
О О О О 
pb Доже € d. PM 
p EN P сњо Ж 
o, p-unsaturated not o,p-unsaturated not a, p-unsaturated o, p-unsaturated 


yes - Michael acceptor yes - Michael acceptor 
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24.23 
О 
СН,=СНСО,Еї ? = i С 
а. = + c ` 
= s сну ~CHsCO.Et — [2] ЊО СМЕ OEt 
COOEt 
Zee 2 
© [2] H2O о 
20,07 ~CO,Et 
o i [1] NaOEt О ON 
Е + сну ^сн,см [2] НО 
Сн, 
О 
24.24 
О [e 
В —ә”» Py * Etoc. До 
CO,Et 


24.25 The Robinson annulation forms а six-membered ring and three new carbon-carbon bonds: two o 


bonds and one л bond. 
new C-C bond 


9 d 
a. + re-draw -OH 
po Ag HO 
О О О О | 


new o and x bonds 


new C-C bond 


| sJ POOE: | COOEt 
b. JL „соок P re-draw =“ -OH 
о о H2O 
О 


new o and л bonds 


new C-C bond 


QM Y Ds хр 


new o and л bonds 
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Carbonyl Condensation Reactions 24—9 


new C-C bond 
|cooet 


ЕОС о Р „е Е00С И 
" re-draw -OH 
i оо A H2O 
о о О О 


пем о апа л Бопа$ 


24.26 


iab dec йы ВК К 
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24.27 The product of an aldol reaction is a B-hydroxy carbonyl compound or an o, p-unsaturated 
carbonyl compound. The latter type of compound is drawn as product unless elimination of H,O 
cannot form a conjugated system. 


OH О 
“OH | -Он 
а. (СНз)>СНСНО only (СНз)>СНСНС(СН3)› d. (СНзСН>)>С=О only 22 
НО H20 
CHO 
О 
-Он one -OH 
b. (СНз),СНСНО + CH,=0 НС CH3—C—CHO е. (CH34CH35)2C2O + CH;2O но 
i 
- CH,OH 


-OH О 
с. CgHsCHO + CH4CH,CH;CHO 5 
Es Mild H,O CY A + CgH;CHO DH- ENS 
2 


(E and Zisomers) 
(E and Z isomers) 


24.28 
HO 
б CHO OH 
H OH 
сүү + БР А А CHO, © O 4 мү 
CHO 
CHO 
24.29 
О 
0 [1] LDA OH о i [1] LDA OH о 
а б ~ CH4CH;CH;-C-CH,- C, б. CH.CH ort 7 © ЁН d 
CH; ~CH, [2] CH&CH2CH?CHO забт 6 2 m зг - ü Сн, ‘Et 
[3] HO à | C CHO 
J НО | : 
24.30 
О 
О О 


| CHO 


О 


D. онс и с 
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Carbonyl Condensation Reactions 24-11 


24.31 Locate the a and C's to the carbonyl group, and break the molecule into two halves at this 
bond. The a C and all of the atoms bonded to it belong to one carbonyl component. The В C 
and all the atoms bonded to it belong to the other carbonyl component. 


о о, МВ 
О. OH P ed x 
a. ъв р. | X Сен C. ad е 
| ` ш - | am; 
а 
1 | | СН›=О didi CH3CN 
+ + + CH= + СНа 
Р A Pax СНБ n p а 
24.32 
О 
CHO SS 
и 
сно R^ еро x 
24.33 


24.34 Ozonolysis cleaves the C=C, and base catalyzes an intramolecular aldol reaction. 


[1] Оз NaOH 
[2] (СНа)25 


жор 
24.35 
О о 
а. Сен СНСНСН СОЕ: > СеНьСН»СН»СНЬ OEt 
O О 
b. (CH), CHCH,CH;CH;CO;Et — (OH,),CHCH CHCH; m 


CH2CH2CH(CH3)2 
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c. сно—(— снов — 


СНО 


OCH, 


и, 
Wd, 


24.36 


CH4CH5CH5CH5CO;Et + СН;СН>СО>Е{ 


dud = 
5% 


24.37 
о о В o 
а. СНСЊСНЊ СОЕ only ————- И “ов 
CH2CH3 
Tow О о О 
b. СНАСНСНСОЉЕ! + СвНЬьСО»ЕЇ 
кые раног 6 9772 BEI g. О + НСО О 
CH5CHs H 
о о о 
p UN 9 
c. СНЗ:СН,СН,СО»Еї + (СНз)>С=О h + | — 
| СГ ~OEt 
O © 
d. EtO;CC(CH3),CH;CH5CH5CO;Et | | ов 
о о 
е. СеНьСОСН.СН; + СЕН, СОЕ! O Ф 
24.38 
О 
СНзО СНзО OEt CH 
а — x b. ood did С у E ^Y 675 
O^ ^OEt (EtO);C-O о о О О 


СНО | ? 
j ч p 
cre Бе 
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Carbonyl Condensation Reactions 24—13 


О 


с о qudd = d. CgH&CH(COOEt); > 
О 
О О О 
+ 
coe cehs A ов eros 
3 
о 
+ 
Уу хов CH4CHO 
о о 
bond (b) 


+ 
H 
or 


24.39 
To form bond 5“ 


К form bond (a 


bond (a) 


Nn Хы 


24.40 Only esters with 2 H’s or 3 H's on the a carbon form enolates that undergo Claisen reaction to 
form resonance-stabilized enolates of the product |3-Ке(о ester. Thus, the enolate forms on the 


СН» a to one ester carbonyl, and cyclization yields a five-membered ring. 


This is the only a carbon with 2 H's. 


О 
CH.O OCH; NaOCHg, OCH, [1] nucleophilic attack CH,0.C CO,CH3 
3 > 
Ó CH4OH [2] loss of CH307 
CH30 о [3] deprotonation o 
B 
СОСН 
CH30;C СО;СНа Но" mee 
H 
О N : О: 
acidic Н between 2 С=О' highly resonance-stabilized enolate 
Formation of this enolate drives 
the reaction to completion. 
24.41 
T 0 OEt, EtOH о 7 
-OEt, Et 
a. pw + С6Н5 Абен ee у oes 
CeHs 
О О 
2 O EtOOC 
О 
О О 


с. -OEt, EtOH 
+ CHEN. eer 
CN 


CN 
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о О 
d. ? -OEt, EtOH 
* pul ———— " 
EtO;C 
24.42 
о о о о ? о 
а b. с а 
CN 
IE || СОБЕ У CO,Et 


О 
а. Tu H Z Tu 
A^ i т Michael 


СНз О reaction О 


(E or Zisomer 
can be used.) 
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Carbonyl Condensation Reactions 24—15 


24.44 
о о 
L be нс гі 
а d H20 
О о 2 О 
О О „е 
р + ‚ ге-агам “OH 
A ee * I^ H2O 
О O^ ^C&Hs О CgHs 
о 
T -OH 
С + = тета Ы Ја LO 
О О 2 
ге- -draw. -OH 
d. EDO ока Ур СОН... 
24.45 


ое dare 


DRL [ue fco 


M 
A. 


24.46 
CH4CH;CH;CHO 
он CHeCHaCHe ено 
2 = (Eand 2) g. CH;CH;CH;CH;OH 
H2O H сњсњ Pd-C 
b. -он " а“ h, | НОСЊСЊОН pose О 
а 2 
СН»=О, H2O CHCH; TsOH H 
CHO CH,CH;CHo Сн 
c. [1]LDA i CH3NH; с=м 
3 mild acid / 
[2] СНАСНО; [3] H2O dia H 
CH3CH2CH2 H (CH3)2NH 
d. | CH4(CO;Et, ш CH4CH,CH-CHN(CHs) 
AU EU EE mild acid 5 5 ve 
NaOEt, EtOH ЕОС СОЕ (Еапа 2) 
он 
e. 1С Pw k. CrO3 | CH.CH,CH,COOH 
[2] H2O H4SO, a 


Br. 
= Па Нор од H 
CH,OH CH3COOH 


Br 
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Ph,p-cH, С ?СГ?С! i [1] LDA; [2] СНЫ I 
зг = 2 ‘C=CH, n. NaCN, HCI CH3CH2CH2—C—H о. а ae a E ~ 
H CN 
24.47 
О О О [1] LDA оно 
-OH = e. „С У 
а. сна“ “СНз [2] СЊСЊСНО 
H,O 
[3] H2O CgHs 
О О О 
C.H NaOCH, 
: NaOEt, EtOH 2 È 6 а 
: " * CH,OH 
(CH34C-O B 5 
О О ? 
CN yd EN 
c. NCCH,CO,Et _N20Et, EtOH C -OH X Сене 
( Уо CO,Et S њо каше 
* (X. | о -OH / \ CH;CO?Et [1] NaOEt, EtOH 
07 ~CHO ay “~ H20 gv № P 
сна“ ТОН; He CH coet 2160" 
(Е апа 2) O ш: 
ОЕ! 
О 
24.48 
О О с О HO 
e [1] mm у оок Hn NaOEt Ag НзО+ oa D 
а (Е:О) СО [2] СНСНы СОЕ: ^ [1] СНАСНМдВг 
da 
H30 [2] H2O 
G | [1] LDA E H]LDA Е H250, 
[2] СНАСН„СНО [2] СНАГ 
[3] ЊО, 1" ' 
н. Pd-C А о T | 
(1 equiv) а [2] он Pore 
H4O* major product 
J 10; 
О [2] (CH3)5S 
О 
к 
-OH 
Н>О 


О 
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Carbonyl Condensation Reactions 24—17 


24.49 
ai 3 = fel 


с=ена —- :CH=CHC! В: SÓH,-CH,C| — :CH,-CH;CI 
sp? sp? 
Vinyl halides undergo elimination by an EIcB mechanism more readily than alkyl halides because 
the carbanion intermediate formed from а vinyl halide has an sp” hybridized C, while the carbanion 
derived from CH3CH)Cl is sp? hybridized. The higher percent s-character of the sp” hybridized 
anion makes it more stable, and therefore, it is formed more readily. 


24.50 The final step in the reaction sequence involves an intramolecular crossed Claisen reaction 
between a ketone and an ester to form a p-dicarbonyl compound. 


[Os . CrO3 Eo SN 
[2] [2] (СН25 HS0, H5SO, 


COOH COOCH2CH3 


[1] NaOEt, EtOH 


[2] НзО* 
О 
О 
D 
C13H2002 
24.51 
О [1] Оз NaOH 
Ж [2] (CHg)2S » SA EtOH L AC 
Form the enolate here to 
generate a five-membered oN C-C bond 
ring in the product. 
The RCHO has N more 
accessible carbonyl. 
24.52 
vo - us s TN 
H, ^C. [1] н w + JC. [2] BETIO 2С. [3] ед pon HOCH3, 29% 
сн = oë H H H ——— 20 С H но С; н Tt КЕ o 
H a H H H H H HOCH, CH2OH 
= Ro + СО” 
CO,” + НСОз H-OCO; | ? 


Repeat steps [1]-[3] with these 
two H's and CO4?- 
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24.53 Enolate A is more substituted (and more stable) than either of the other two possible enolates and 
attacks an aldehyde carbonyl group, which is sterically less hindered than a ketone carbonyl. 
The resulting ring size (five-membered) is also quite stable. That is why 1-acetylcyclopentene is 
the major product. 


acr 


ig MO :ÓH И „он 
ка ʻO: eH :0: О: 4 
E + HÖ 


most stable СЖ. 


ue less hindered carbonyl | 
+ HO) 2: ы 
ја O + 10H 
1-acetylcyclopentene 
major product 
а ul 3 zs :OH i 
H | H О: H-OH Юң/ = Сбн 
ISE pM а бо: и“ Ao: 5 О: 
B :О: H H H.. 
i + НО 
The more hindered ketone = 
carbonyl makes nucleophilic 
attack more difficult. Wn а 
+ H20 + 10H 


H H [e [e О 
30H | 
These two reacting functional groups о | 
C are farther away than the reacting 
less stable enolate groups in the first two reactions, 
x making it harder for them to find each + 30H 
+ НО other. Also, the product contains а 
less stable seven-membered ring. 
24.54 All enolates have a second resonance structure with a negative charge on O. 
" " `-ё eu о 
| б Se © 
а г = oh Ci, 
AP :0: H | :0: + ЕО 
Na* ОЕ! + ЕЮН О: О О: 1:0: 
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b. 
© + 30H 
б 
COOCH; 
24.55 Removal of a proton from CH3NO» forms an anion for which three resonance structures can be 
drawn. 
:0: _ :0: о = о 
HCH -N+ === EM СН»=М+_ CH,-N* 
X :0: :0: :0: 
-ÖH 
:0: < HE OH Е " 
i = 10: :б: = :OH (гон 
Сен“ ој UR — * CgHs-C-CH,—NO, — OgHs-C-CH-NO, — CaHs- CL СН-Мо; —> CeHsCH=CHNO; 
8 H H H H + 30H 


lou + ЊО 


24.56 All enolates have a second resonance structure with a negative charge on O. 
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24.57 Polymerization occurs by repeated Michael reactions. 
B: 


н), 


В 
7. P j b za а B Е "ud. 
LE. о ЕЕ 5 н A 
О О О Оо О О 
О О О О 
Repeat step [2]. 


new C-C bonds 


polytulipalin 
24.58 
о: :0: 
H — H a :0: ___ 
3 
" g 
J O—C—O 
Gor 
CH4COO^ +  CH4COO—H Ё 
CH4COO^ 
CH3COO; | 


= uc fs 0: 
ja M о н“ососн, S 


DE 


9778 9770 ү 
:О: 
+ СНзСООН 
coumarin 
24.59 
“у :0:7) OEt поре 
~ EN СОЕ | Сз м СО! О SAN СОЕ 
Be dd = + EtOH ЕО V O OEt 
Сї 2,4-hexadienoate | 
СОЕ diethyl oxalate :0: 
“бе ae | PE А. - 
E EtO4C < UR 
От 
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b. The protons on Сб are more acidic than other sp^ hybridized С-Н bonds because a highly 
resonance-stabilized carbanion 1$ formed when a proton is removed. One resonance structure 
places a negative charge on the carbonyl O atom. This makes the protons on C6 similar in 
acidity to the a H’s to a carbonyl. 

c. This is a crossed Claisen because it involves the enolate of a conjugated ester reacting with the 
carbonyl group of a second ester. 


24.60 
О О 
“OH, но L^ ou 
a. CgH;CHO 6:18 
О онњо 
ді. CHOH РСС _ СНО HCO,Et 
р. Н,С= MÀ 
gcn -OEt, CH3CH2OH 
О о 


or 
[1] LDA, THF 


[2] СНАСЊСЊСНО _ 
[3] HO, -OH 


Н» (excess) 


Pd-C 


OH 
d Су“ [1] LDA, THF Oo [1] ЦАНА Cc 
[2] CH4CH;CH,CH;Br.- [2] H2O 
(E and Zisomers) 


О О 
Тон 27 Нр (excess) 
e. 
мө (ШО СЫ вве су“ © 


24.61 
CHO 
оф [1] Оз ee NaOEt 
[2] (СНз)>8 CHO ЕЮН 
A B 
24.62 
о о 
е [1] LDA, THF press 
a. Ум 2 
[2] О 
„әлә 
[8] HO, -OH 


E 
27 "ОН 
Оу ОТТ 
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О 
Я [1] Вг, СНзСООН [1] NaOEt о њо" о 
| [2] СОЗ, LiBr, DMF оо ^ 
OEt COOEt 
[2] H2O 
О 
NaOEt, EtOH CN 
O О 
CH2(CN)2 CN 
О 
2 
B: + TOH, њо _ кы шен 
О [2] H2O 
24.63 
О о OH 
A [1] LDA 
а. 
[2] СНаСНЬСНО 
[3] H20 
| ос 
„ОН 
О О о О 
а e [1] LDA [1] NaOEt 
| [2] СНАСОЉЕ [2] СНаВг 
“Сон 
H5SO, РВгз 
О СНОН 
CrOs 3 
< “он HS0, т 
О О ОН о 
| A [1] LDA Сен Z^ OH; 
| СНОН [2] CgH; CHO - H;O 
pon | РСС unstable 
"s [1] Bro, hv OH 
^ АСВ > [2] ОН 
HO 
by Vane “oe Cy 
ons 
OH А о 
[1] CHsMgBr HSO Ue я 
[2] рњо t [2] (СНз)28 
Mg major 
CH4OH | product 
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24.64 


[1] NaOEt V» 
Со 
du di [2] H9O* о z 
vp [1] NaOEt 
CO,Et 
[2] в. СОБЕ 


ime a.) 


„Дев 
СН 
[1] NaOEt [1] LiAIH, КЕ 
СОЕ Ар СОЕ [2] HO 
OH 
peace) 
Cie + S0C] 
[1] um АСЬ Вг 
[2] Bro, hv 
` CeHs [1] NaOEt СвН5 
dad i А - Eh die 
А 
АСВ 
О 
(0 * A 
А 
ЗОСЬ 
О CrO 
А — Son 
OH HSO, 
24.65 
1] 0 CHO ^ 
19] 3101 a ею 
[2] (CH3)2S CHO H2O 
NaBH, OH 
ь [о CHOH O 
(from a.) 
О 


| 0s COOH Сон СОБЕ! [1] NaOEt СОЕ 
Е COOH HS0, СОЕ: [2] НзО* 
n о 
СОБЕ! [1] NaOEt $ 
I» moe. Loog HE 
[2] ГЛ А 


(from c.) 


Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 24—24 


24.66 
О О 
CHO 
5 i dh = Lx и ds iub 
CH4O CH4O 
octinoxate 
А I [1] NaH ДЈ Bro los H] Mg Jos 
| 2] Н>С=О 
HO [2] CHCI СНБО сно е CHO 
SOC (+ ortho isomer) РОС 
снаон сњон DRE 
О 
v + HO Њ80, pi CHO 
AM! 
СтОз CH4O 
82804, H20 | HO 
IN J 
но ~ |н y 
CE NaOR, ROH 
BrMg [1] РВз НО 
on [2] Mg ҮТ осїїпохаїе 
ffs 
Oa + BM ^ ^ Mg Eg Se 
| РСС | 
РВгз 
24.67 


о 
[1] HCO,Et [2] НзО* CHO 

NaOEt, EtOH 
о A 


NaOEt, EtOH 
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EM ~ 
O 0: OEt H—OEt 


" де! < 
” *  HCO,Et 
О О 
+ ОЕ 
+ 
? ? HOH 
d О о о 
O +0H он "29 
+ НО 
~ Ё 
бн "ОР Он 
72 
L^ no a. H * OH 
.. / 
H20 + 
о: н 2 Сон 
о: 95 оно J 
В-ћудгоху ketone + HQ 
+ m E 
| H ve 
ie ~ HÖ 
A ~ 
+ H30* 
. О: О: О: 
+ H20 


This reaction is an acid-catalyzed aldol that proceeds by way of enols not enolates. The f-hydroxy 
ketone initially formed cannot dehydrate to form an a,B-unsaturated carbonyl because there is no Н on 
the a carbon. Thus, dehydration occurs but the resulting C=C is not conjugated with the C=O. 


О 


H This H is now more acidic because it is located between two carbonyl 
e. CHO groups. Аз а result, it is the most readily removed proton for the Michael 
reaction in the next step. 
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24.68 Rearrangement generates a highly resonance-stabilized enolate between two carbonyl groups. 


:QEt 
m. 


OEt :O 
ОСН,СНз OCH2CH3 
. + CH3CH,O> 
H—OCH5;CHs 
M 
а :0: 
= aa OEt :O: 
О О | Фри = p 
= CO,CH,CHS Z,CO,CH;CHs У (CO,CH,CHs (РА OCH;CH, 
(+ 2 resonance structures) + H-OCHsCH, 

This product is a highly 

resonance stabilized enolate. 
This drives the reaction. 

Нао" 
О 
Н 
CO;CH;CH; 
24.69 All enolates have a second resonance structure with a negative charge on O. 
:0: 
:0: B: :0: e Her 
"km "BET." 


Repeat steps 
[115] by 
deprotonating the 
indicated СНз. 


:О: :О: :0: Ох 
m HÖH  z 
X FU en 


isophorone 


+ HB* 


(+ 2resonance 
structures) 


Carbonyl Condensation Reactions 24—27 


24.70 All enolates have a second resonance structure with a negative charge on O. 


COOEt 


:О: 
| СО;СНза 
new bond new bond 
О: 
CO2CH3 
24.71 
a. ЕЕ: CH, N: > Сн» м: == CH; :N: = (+ other resonance structures) 
2 V X 7 VU ND LS - 
one possible resonance structure 
The negative charge is delocalized on the 
electronegative N atom. This factor is what makes 
the СН; group bonded to the pyridine ring more 
D: Z À- vu acidic, and allows the condensation to occur. 
Cu - о: Он Он 


= = OH. — 
cote CH зон Xi: > CeHs C CH— № = Сен ссн T - се C CH 7: 


H нн H 


:OH 


b. The condensation reaction can occur only if the CH; group bonded to the pyridine ring has acidic 
hydrogens that can be removed with OH. 


\ N . OH \ №: -A :N: Since the negative charge is delocalized on the N, the CH3 
/ ИУ contains acidic H's and reaction will occur. 


СН с: :СН, CH3 
2- а не (+ other resonance 
structures) 
H—-CH, 5CH, 
3-methylpyridine No resonance structure МЕ the negative de on the N 


so the CH; is not acidic and condensation does not occur. 
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Chapter 25: Amines 


* General facts 


e Amines are organic nitrogen compounds having the general structure RNH2, R2NH, ог R3N, with a 
lone pair of electrons on N (25.1). 

e Amines are named using the suffix -amine (25.3). 

e АП amines have polar C-N bonds. Primary (1°) and 2? amines have polar М-Н bonds and are 
capable of intermolecular hydrogen bonding (25.4). 

¢ The lone pair on N makes amines strong organic bases and nucleophiles (25.8). 


+ Summary of spectroscopic absorptions (25.5) 


Mass spectra Molecular ion Amines with an odd number of М atoms give an odd 
molecular ion. 
IR absorptions N-H 3300-3500 cm! (two peaks for RNH;, one peak for R2NH) 
'H NMR absorptions МН 0.5—5 ppm (no splitting with adjacent protons) 
CH-N 2.3–3.0 ppm (deshielded Csp’—H) 
ЗС NMR absorption | C-N 30—50 ppm 


* Comparing the basicity of amines and other compounds (25.10) 


e  Alkylamines (RNH5, R2NH, and R3N) are more basic than NH; because of the electron-donating R 
groups (25.104). 

e  Alkylamines (КМН) are more basic than arylamines (CeH5NH5), which have a delocalized lone pair 
from the N atom (25.10B). 

e Arylamines with electron-donor groups аге more basic than arylamines with electron-withdrawing 
groups (25.10B). 

e  Alkylamines (RNHz2) are more basic than amides (КСОМН,), which have a delocalized lone pair 
from the N atom (25.10C). 

* Aromatic heterocycles with a localized electron pair on N are more basic than those with a 
delocalized lone pair from the N atom (25.10D). 

e Alkylamines with a lone pair in an sp? hybrid orbital are more basic than those with a lone pair in an 
sp’ hybrid orbital (25.10E). 


+ Preparation of amines (25.7) 
[1] Direct nucleophilic substitution with NH; and amines (25.7A) 


LJ 


R-X + NH, 


excess anne The mechanism is Sn2. 
* The reaction works best for CH3X or 
. ЕСЊХ. 
А-Х + R'-N-R = e The reaction works best to prepare 1° 
R' amines and ammonium salts. 


ammonium salt 
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[2] Gabriel synthesis (25.7A) 


e The mechanism is 542. 


uto d -OH ^ * The reaction works best for CH3X or 
i d HO Cr RCH;X. 


Only 1? amines can be prepared. 


[3] Reduction methods (25.7B) 


a] From nitr mpoun Н», Pd-C or 
[a] Fro о compounds R-NO, 2 - (амн, 
Fe, НСІ or 
Sn, HCI 1? amine 
ИМЕ [1] НАН 
[b] From nitriles ВСЕМ “prio аш. 
1° атіпе 
[с] Егот атійеѕ О | 
Д [1] ШАН, 


АА NR? руно 
R' = H or alkyl 


19, 2°, and 3° amines 


[4] Reductive amination (25.7C) 


e Reductive amination adds one alkyl 
group (from an aldehyde or ketone) 
to a nitrogen nucleophile. 

e Primary (1°), 2°, and 3? amines сап 


NaBH,CN 
CoU. + Rend С 9 


R', А" z H or alkyl 


1°; 2°, апа 3° аттез be prepared. 
* Reactions of amines 
[1] Reaction as a base (25.9) 
R-NH, + HA = АМН + ЈА 


[2] Nucleophilic addition to aldehydes and ketones (25.11) 


With 1? amines: With 2? amines: 
0 ji 
gc" g ^c 
/N /N 
= R=Hor alkyl 
В = H or alkyl y onamine 
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[3] Nucleophilic substitution with acid chlorides and anhydrides (25.11) 
0 0 
pou * АМН „С. 
Roz esis R^ ^^ МА, 
2 = Cl or OCOR 
R' =Н or alkyl 


19, 2°, and 3° amides 


[4] Hofmann elimination (25.12) 


Amines 25-3 


[1] Сн; (excess) . : . 
С z ^ - - | -d e The less substituted alkene is the major 
H NH; (3) hs product. 
alkene 
[5] Reaction with nitrous acid (25.13) 
With 1? amines: With 2? amines: 


NaNO, 
АМН, 


- | R-N=N: cr RENA 
HCI 


H 
R 
alkyl diazonium salt - - 
N-nitrosamine 
* Reactions of diazonium salts 
[1] Substitution reactions (25.14) 
With H5O: With CuX: With НВЕ;: 
De | C [ed С” 
phenol aryl chloride or aryl fluoride 
aryl bromide 
X = С! or Br 
With Nal or KI: With CuCN: With H3PO,: 
on | В „СМ | | H 
aryl iodide benzonitrile benzene 


[2] Coupling to form azo compounds (25.15) 


(yw Cr + € == - N=N <} У |+ на 


У = МН», NHR, NR», OH 


(а strong electron- 
donor group) 


azo compound 
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Chapter 25: Answers to Problems 


25.1 Amines are classified as 1°, 2°, or 3? by the number of alkyl groups bonded to the nitrogen atom. 


: 1? amine 
2? amine 
| H CeHs 
a. н NS И И АИ NH b. онено con 
2 
H 
| 2? amine О 39 атте 
19 атте 
25.2 
3° атте 
а. СНз b. 
HO-C-CH;NH» CHa-N—CH;CH;0H 
CHa | CHa 
3° alcohol 1° amine 1° alcohol 


25.3 The N atom of a quaternary ammonium salt is a stereogenic center when the N is surrounded by 
four different groups. All stereogenic centers are circled. 


OH 
H 
СНз СНз HO Д7 
+ + 
. сн; -м-сн,сн, -(ўсн,Сн 
Шо мы, -NF CH CH; Xd 


СНз H 
М has 3 similar groups. 


25.4 
РЯ ЗА x + 
СНау NH3 { у, (ov * 3more 
| | гезопапсе 
| structures 
147 pm 140 pm . 
: | | partial double 
The C-N bond is formed from two Because the lone pair on N can be delocalized bond character 
sp? hybridized atoms and the lone on the benzene ring, the C-N bond has partial double 
pair is localized on N. bond character, making it shorter. Both the C and N atoms 
must be sp? hybridized (+ have a p orbital) for 
delocalization to occur. The higher percent s-character 
of the orbitals of both C and N shortens the bond as well. 
25.5 
NHCH;CH; 
а. CHCH2CH(NH2)CHs c. (мон e. 
2-butanamine 


or N,N-dimethylcyclohexanamine 


. N-ethyl-3-hexanamine 
sec-butylamine 


dibutylamine NH, aii 


2-methyl-5-nonanamine 2-methyl-N-propylcyclopentanamine 
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25.6 Ап МН, group named as a substituent is called an amino group. 
a. 2,4-dimethyl-3-hexanamine с. N-isopropyl-p-nitroaniline e. N,N-dimethylethylamine g. N-methylaniline 
| 
NH; ON 
b. N-methylpentylamine d. N-methylpiperidine f. 2-aminocyclohexanone h. m-ethylaniline 
О NH, 
| 
СН»СНз 


25.7 Primary (1?) and 2? amines have higher bp's than similar compounds (like ethers) incapable of 
hydrogen bonding, but lower bp's than alcohols that have stronger intermolecular hydrogen 
bonds. Tertiary amines (3?) have lower boiling points than 1° and 2° amines of comparable 
molecular weight because they have no N-H bonds. 


0 
C. 

а. (CH3)2CHCH2CH3 СН; ^CH;CHS (CH3;CHCHo?NH; Б. (о d о, (у 
alkane ketone amine alkane ether amine 
lowest intermediate М-Н can hydrogen lowest intermediate М-Н can hydrogen 

boiling point boiling point bond. boiling point boiling point bond. 


highest boiling point highest boiling point 


25.8 1° Amines show two М-Н absorptions at 3300-3500 cm '. 2? Amines show one М-Н absorption 
at 3300-3500 cm”. 


molecular weight = 59 CHs М CH;CHs 
one IR peak - 2? amine H 


25.9 Тһе NH signal occurs between 0.5 and 5.0 ppm. The protons on the carbon bonded to the 
amine nitrogen are deshielded and typically absorb at 2.3-3.0 ppm. The NH protons are not 


split. 
molecular formula CgH45N 
1H NMR absorptions (ppm): 
0.9 (singlet, 1 H) NH P 
1.10 (triplet, 3 H) СНз adjacent to СН» Џ 
1.15 (singlet, 9 H) (CH3)4C 


2.6 (quartet, 2 H) CH» adjacent to СН» 


| 
| 
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25.10 The atoms of 2-phenylethylamine are in bold. 


О 

-CH3 
CH3CH5)5N N 
a, (СНзСН2)2 H b. 
EM 

N 
M 

LSD H codeine 


lysergic acid diethyl amide 


25.11 5,2 reaction of an alkyl halide with NH, or an amine forms an amine or an ammonium salt. 


NH3 + 
а. Sues Soe с. АН; b. NH; о М(СН2СНз)з 
ехсеѕѕ 
ехсеѕѕ Br 


25.12 The Gabriel synthesis converts an alkyl halide into a 1° amine by a two-step process: 
nucleophilic substitution followed by hydrolysis. 


СНзО NH3 CH0 Br 
а. И бн МЕ b. (СН»з)»СНСНЬСНЬМН» c. Ur => Cy ~ 
| | 


Ре UBI (СНз)>СНСН»СНЬВг 


25.13 The Gabriel synthesis prepares 1? amines from alkyl halides. Since the reaction proceeds by an 
S42 mechanism, the halide must be CH; ог 1°, and X can't be bonded to an sp? hybridized С. 


NH2 ^з. МН, 
оС som Оа о 


aromatic can be made by Gabriel 2? amine Моп 3° С 
Ап Sy2 does not occur synthesis cannot be made by An 542 does пої 
on an aryl halide. Gabriel synthesis occur on a 3? RX. 
cannot be made by cannot be made by 
Gabriel synthesis Gabriel synthesis 


25.14 Nitriles are reduced to 1° amines with ПАША. Nitro groups are reduced to 1° amines using 
a variety of reducing agents. Primary (15), 2^, and 3^ amides are reduced to 1^, 2^, and 3? 
amines respectively, using LiAlH,. 


| 
а. СНСНСнН,МН, = СНАСНСЊМО; CH3CHC=N СНаСНСМНЬ 


CHs CH3 CH3 CH3 
Р 
b. СН»МН» => CH,NO2 C=N С, 
NH2 
О 


„М 
с“ pw 
C. М М “мн, > p SS Ns ANZ NH 


2 
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25.15 Primary (1°), 2^, and 3° amides are reduced to 1°, 2^, and 3° amines respectively, using 
ПАНА. 


О 
CONH, СНЬМН, 
CY Il CY C. NHCH; ——— did е 
О 


b. PRAY 2 ИУ У N 


? ? 


25.16 
(СНз)>СНМНЬ General reaction: 


H] 
R-CEN 


: ' RCH5NH; 
isopropylamine 


The amine needs 2 H's here. 
The C bonded to the N must have 2 H's for the amine to be formed by reduction of a nitrile. 


25.17 Only amines with a CH; or CH; bonded to the М can be made by reduction of an amide. 


QC Q^ 0o (ov 


N bonded to benzene М bonded to СН» N bonded to a 3? C N on 2? C on both sides 
cannot be made by reduction can be made by cannot be made by cannot be made by 
of an amide reduction of an amide reduction of an amide reduction of an amide 


25.18 Reductive amination is a two-step method that converts aldehydes and ketones into 1°, 2°, and 3° 
amines. Reductive amination replaces a C=O by а С-Н and С-М bond. 


NHCH 
CH3NHo 3 
a. ( 2-90 а "D c. ( o САН, {У монень 
NaBH3CN NaBH3CN 
О NH 
NaBH3CN PU * МН» ps 


25.19 
NH О 
а ? == + NH3 
OH OH 
b МНСНа О 
+ МНСНз 
МН, 
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25.20 
Only amines that have a C bonded to a H and N atom can be made by 


NH; reductive amination; that is, an amine must have the following structural 


УХ feature: H 
| 


phentermine 
In phentermine, the C bonded to N is not bonded to a H, so it cannot be 
made by reductive amination. 
b. systematic name: 2-methyl-1-phenyl-2-propanamine 


25.21 The pK, of many protonated amines is 10—11, so the pK, of the starting acid must be less than 10 
for equilibrium to favor the products. Amines are thus readily protonated by strong inorganic 


acids like НСІ and H,SO,, and by carboxylic acids as well. 


К 
а. CH4CH;CH;CH;—NH, + HCl == CH,CH,CH,CH;-NH, + СГ o С] m == @ ase 


pKa 2-7 pK, = 10 
weaker acid N | 9 
products favored 
+ Ка = 15.7 К. = 10 
b. сењсоон + (CHgaNH == (СНз)2МН» + CgHsCOO- tae acid = 
pK, = 4.2 рКа = 10.7 reactants favored 
weaker acid 


products favored 


25.22 An amine can be separated from other organic compounds by converting it to a water-soluble 
ammonium salt by ап acid—base reaction. In each case, the extraction procedure would employ 


the following steps: 
e Dissolve the amine and either X or Y in СЊСЂ. 
* Add a solution of 10% HCl. The amine will be protonated and dissolve in the aqueous 


layer, while X or Y will remain in the organic layer as a neutral compound. 
* Separate the layers. 


a. {Ум апа ФЕТ с ( y ско + {о 
X 


= * soluble in ЊО e insoluble in HzO 
e insoluble in СНСІ e soluble in СНС] 
H-CI 
b. | (CH&CH;CH;CHjgN and (CH3CH2CH2CH3)20 (CH4CH;CH,CH,)4NH Cr +  (CH3CH;CH5CH5),0 
Y 
Y 
* soluble in НО e insoluble in НО 
* insoluble in СЊСЉ e soluble in CHCl» 


25.23 Primary (1°), 2°, and 3° alkylamines are more basic than NH; because of the electron-donating 
inductive effect of the К groups. 


a. (СНз)>МН апа МНз b. CH3CH3NH5 and CICH2CH2NH^5 
2? alkylamine 1? alkylamine 1? alkylamine 

СНз groups are electron donating. stronger base Cl is electron withdrawing. 
weaker base 


stronger base 
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25.24 Arylamines are less basic than alkylamines because the electron pair on N is delocalized. 
Electron-donor groups add electron density to the benzene ring making the arylamine more basic 
than aniline. Electron-withdrawing groups remove electron density from the benzene ring, 
making the arylamine less basic than aniline. 


МН» NH2 NH2 МН» NH2 NH» 
ott о uq cC C C 
CH30OC CH34O ON 


electron- arylamine electron- electron- arylamine alkylamine 
withdrawing group intermediate donating group withdrawing group intermediate most basic 
least basic basicity most basic least basic basicity 


25.25 Amides are much less basic than amines because the electron pair on N is highly delocalized. 


amide arylamine alkylamine 
least basic intermediate basicity most basic 

25.26 

sp hybridized This N is also sp? hybridized 

more 74 but the electron pair 
— СНз occupies a p orpital so it can Su end 3 E" 
` N:-— sp" hybridized N 
a. Electron pair on М——:М / N :-—— delocalize onto the aromatic b. | H \ Pe ee 
А \ . wanes E CH, stronger base 
occupies ап sp? СНз ring. Delocalization makes N 
hybrid orbital. DMAP this N less basic. 4 nicotine 


4-(N, N-dimethylamino)pyridine sp? hybridized М 


higher percent s-character 
weaker base 


25.27 


This electron pair is delocalized, =“ Вг 
making К а weaker base. sp? hybridized N 


N 33% s-character 


stronger base 
Sp? hybridized N 


b. К & N(CH3)2 
N° 25% s-character 
stronger base 
stronger base sp? hybridized № sp? hybridized N 
This compound is similar to 33% s-character 2596 s-character 


DMAP in Problem 25.26a. 
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Chapter 25—10 
25.28 Amines attack carbonyl groups to form products of nucleophilic addition or substitution 
(CH3CHz)2NH _ {У менен 


CHsCHsCH»NH> 
О = NCH2CH2CH3 
О О О 
Д (сњенумн X 


О 
CH3CH2CHNH3 Д C C 
CH4^ ^NHCH;CH;CHg4 СНУ 707 СОН» 


b. сну ~ 
6 BUB GUAE сү CY И ore 


25.29 [1] Convert the amine (aniline) into an amide (acetanilide) 


[2] Carry out the Friedel-Crafts reaction. 
[3] Hydrolyze the amide to generate the free amino group 


О О О 
jl Y Y 
P C-CHs o о, 
be {узын сну “а! ( ум (CHs)3CCI coro У И d onae Ум, 
АСЬ 
(+ ortho isomer) 
О Т у ‘i 
CH3 Ó N, c" CHs H,0* 
| 


О 


NH 
b "сну СО! М.с 
О АС 
ССНЬСН. 
| 
Ü Ó 


(+ para isomer) 


25.30 
transition 
__ За __ 
transition state: 
S 5+ " 
. -N(CHg)s o 
Ф 
с 
CY. Е 
(2 <-> 5 |, оса ee 
L $- starting . .- 4. М а 
terial 
(no 3-D geometry shown here) шоо products 
Reaction coordinate 
25.31 
[1] CHgl (excess) [1] СНА (excess) 
a. CH3CH2CHsCHs NH2 x CH3CH5CH-2CH5 C. NH2 
[2]Ag20O [2]Ag,0 
[3] A [3] A 


[1] CH3I (excess) CH4CH-CH; 


(СНз)>СНМНЬ 


b. 
[2] Ад20 


[3] A 
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25.32 In a Hofmann elimination, the base removes a proton from the less substituted, more accessible В 
carbon atom, because of the bulky leaving group on the nearby a carbon. 


[1] П] CHal (excess) _ (excess) 
a. СН>СНСНз Сн= CHCH3 + CHsCH= СН» 
| [2] ^ МАО © 


NH2 


[3] A major product 
[1] СНА 
| m sl (excess) \ ) " Lo В [1] сны (excess) CHsCH=CH(CHz)sN(CHa)e 
[2] А920 + 
i [3] A major product | N [2] A920 а В. 
| | (BBCs BA + CH, 
least substituted В carbon CH2=CH(CH2)4N(CH3)2 
v) major product, formed by 
removal of a H from the least 


substituted В C 


«m  K+-OC(CHa)s _ PPM 2904 K*-OC(CH)s | т 
m [1] СНІ (excess) coe хоби 1 СНІ (excess) "d 
[2] Ag;O (E and Z) ER 


25.33 


[3] A 
25.34 
Not CF 
700 BENE СТ JO лас. © 
CH3 CH, N N 
NO 
H NaNO, = 
b. CH4CH5 N СНз CH4CH5 nna dii d м 
2 


25.35 


C) [1] Мамо, НСІ [Nanos НО! (в = [1] NaNO;, HCI <» 
а C. СНО NH -  CH4O F 
^ Рив ^ ux WE. ? [2] HBF, : 

[1] NaNO;, НСІ 1] CuCN 
b NH2 : Not СГ Ub CH NH» 
[2] H2O [2] НАНА 
ОМ 


СІ [3] H20 CI 


25.36 
МО; NH; 


F 
Ошо бод _ 10 
~HSO, Pd-C [2] HBF, 
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МО» МО» NH; OH 
" СУ HNO; Н, [1] Мамо», НСІ 
Н504 Pd-C [2] H2O 
(from a.) МО; МН, OH 
CH; 
с. a [1] Мамо», НСІ C CH3CI CY (+ para isomer) 
NH, [2] Nar т AICI, I 
(from a.) 
МН» NH, 
Cl Cl Cl 
d Cl, (excess) [1] NaNO;, HCI 
FeCl, [2] H3PO2 
(from a.) Cl с 
25.37 


NH; = = en 
a. СҮ ВЕ ( JI Жол. C. HO z OH а Се 
о ню — (Сун on B 


25.38 To determine what starting materials are needed to synthesize a particular azo compound, always 
divide the molecule into two components: one has a benzene ring with a diazonium ion, and 


one has a benzene ring with a very strong electron-donor group. 
ОМ с! 


| ON | Cl 


О-о 90 ed 


ГУ _ 
а. (5 hos ( ма, b. ОМ СУ мем V / ОН 


OH para red 


| | 
9. а Ope on few Сре 
cr 


OH 


25.39 


-— COOH 
alizarine yellow R 
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25.40 
N ANE / \ н 
О О О 7045 N=N N 
4 S ai "T y 4 SON он 
Dacron О — ww methyl orange 


To bind to fabric, methyl orange (an anion) needs to interact with positively charged 
sites. Since Dacron is a neutral compound with no cationic sites on the chain, it does 
not bind methyl orange well. 
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25.41 
а. CH3NHCH;CH;CH;CHs 


N-methyl-1-butanamine 
(N-methylbutylamine) 


b. OO, 


1-octanamine 
(octylamine) 


5 |" 


4,6-dimethyl-1-heptanamine 


„СНз 
Ох 
CH2CH2CH3 
N-methyl-N-propylcyclohexanamine 


25.42 
a. cyclobutylamine 


O 


b. N-isobutylcyclopentylamine 


hey 


c. tri-tert-butylamine 
N[C(CH3)als 


d. N,N-diisopropylaniline 


CY N[CH(CH3)2lo 


25.43 
ЫҢ, 


1-butanamine 


H 
РМ 


N-methyl-1-propanamine 


e. (СНзСН»СН»)зМ 


tripropylamine 


m 


(CeHs)2NH 
diphenylamine 


{ voe. 


CHsCH3 


Q 


N-tert-butyl-N-ethylaniline 


h. о— м 


4-aminocyclohexanone 


e. N-methylpyrrole 


f. N-methylcyclopentylamine 


[У мне, 


9. cis-2-aminocyclohexanol 


Se ле 


МН, pur 


2-butanamine 


H N 
H 
diethylamine N-methyl-2-propanamine 


2-methyl-1-propanamine 


i. E 


N 
H 
2-ethylpyrrolidine 
j CH3CH2CH2CH(NH2)CH(CH3)2 


2-methyl-3-hexanamine 


3-ethyl-2-methylcyclohexanamine 


| 2“ 


N,N-diethylcycloheptanamine 


h. 3-methyl-2-hexanamine 


i. 2-sec-butylpiperidine 


ка 


. (2S)-2-heptanamine 


н NH3 


on 


NH3 
2-methyl-2-propanamine 


| 
“М 


N,N-dimethylethanamine 
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25.44 [* denotes a stereogenic center.] 


"T CH;CHs 
D ^C Hs b * PS 
a N *.— CHSCH;CHCH;CH;CH? N^ CH;CH;CH;CHs 
CH,CH3 CH, CH, __ 
1 stereogenic center 2 stereogenic centers о 


2 stereoisomers 4 stereoisomers 


H СН; СНз CHCH 
_CH 2 3 2913 
я N 3 4 ПА 
Н сн.сн. 
H СНз СНз CH,CH 
СН \: Lp 3 
С № C 
H^  CH;CHs 
25.45 
~ 
а. (СНАСНМН or | с. (СНзСН>)>МН ог 
P 
N 


2? alkylamine 


sp? hybridized М <р? hybridized № 
stronger base 


stronger base weaker base 
b. HCON(CH3)o or (CH3)3N 


amide alkylamine 


weaker Базе stronger base 
weaker base 


(delocalized electron 


pair on N) 
25.46 
NH2 
Ome (Он ру 
arylamine intermediate alkylamine ON 
least basic basicity most basic electron- 
withdrawing group 
least basic 
у Уу Q 
b. N Е а. (CgHs)2NH 
H N N 
delocalized sp? hybridized М sp? hybridized N diarylamine 
electron pair on N intermediate most basic least pasic 
least basic 


basicity 
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Amines 25-15 


H pHs CH; CHCH; 
F 4 - 
| 


С _N _N 
CHCH CH;CH;CHz | CH2CH2CH;CH; CHCH; 7'CH;CH;CHz j " CH/CH;CH;CH; 


E Он» СНз CH2CH3 


+ 


+ _N 
снн; осњењсњ | оњењењењ CH,CH47 “снснгсне | " CH/CH;CH;CH; 


(CICH2CH2)2NH 
2° alkylamine 


CI is electron withdrawing. 
weaker base 


N 
H 


stronger base 


KE = Kx ^ 
Cl сна 


electron- 
intermediate donating group 
basicity most basic 
СеН5М№Н» ОЕТ 
arylamine alkylamine 
intermediate most basic 
basicity 
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25.47 The electron-withdrawing inductive effect of the phenyl group stabilizes benzylamine, making 


its conjugate acid more acidic than the conjugate acid of cyclohexanamine. The conjugate acid 
of aniline is more acidic than the conjugate acid of benzylamine, since loss of a proton generates 
a resonance-stabilized amine, СеН5№Н». 


+ + + 
Ож Ом O% 


pK, = 10.7 pk, intermediate pK, = 4.6 
Qo _ (оне O 
alkylamine electron-withdrawing inductive _ resonance-stabilized 
cyclohexanamine ^ effect of the sp? hybridized C's aromatic amine 
benzylamine aniline 


25.48 The most basic N atom is protonated on treatment with acid. 


25.49 


О О 
o o 
a. AO CH4CO;H COSMO + CH$4CO; 
N `o М `o 


| тоге 
CHCOOH basic CHCOOH 


benazepril 


N N 
“ “ 
~ (ДОО ===. (ГОГ) окоо 
N ЊУ N 


- most 
varenicline basic 
o № = 
i | Order of basicity: Np < Na < №, 
9 ТТТ № – The electron pair on this М atom is delocalized 
2 5 
а. ГУ | № < Na < Ме on the O atom; least basic. 
| = Мр N, — The electron pair on this N atom is not 
N delocalized, but is on an sp? hybridized atom. 
E Ме - The electron pair on this N atom is on an sp? 
hybridized N; most basic. 
Na № Order of basicity: № < Na < Ne 
| | Np — The electron pair on this № atom is delocalized 
N NH; on the aromatic five-membered ring; least basic. 
b < Y" № < Na < № Na — The electron pair on this N atom is not 
N delocalized, but is on an sp? hybridized atom. 
мН N, - The electron pair on this М atom is оп an sp? 


hybridized N; most basic. 
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25.50 The most basic N atom is protonated on treatment with acid. 


a 3? alkylamine with an 
Sp? hybridized N 


most basic 
О О 
CI CI CI CI 
a. b. 
QO = iO 
N N N N 
NH | NH H и 
- cr 
о aripiprazole А b 
a delocalized electron 
part of an amide pair on the benzene ring 
least basic intermediate 


25.51 The para isomer is the weaker base because the electron pair on its NH» group can be delocalized 
onto the NO» group. In the meta isomer, no resonance structure places the electron pair on the 
NO» group, and fewer resonance structures can be drawn: 


ON Мн, ON CX, МН, ON NHo ом CNH, ом Мн, 
S : 
3 + 


meta 
№ + + 
МО, К» МН, МН, CNHs МН, 
Cx О + 72 1e: LY 

ON ON “SN O;N ОМ 

рага О: | 

NH; Мн, 
О; ^0 36. E 
m NT N 
О: :О: 

25.52 


This two-carbon bridge makes it 
= difficult for the lone pair on N to 
@ М delocalize on the aromatic ring. 


A B 
pK, of the conjugate acid = 5.2 pK, of the conjugate acid = 7.29 Resonance structures that place a double bond 
stronger conjugate acid weaker conjugate acid between the N atom and the benzene ring are 
weaker base stronger base destabilized. Since the electron pair is more 


The electron pair of this arylamine localized on N, compound B is more basic. 


is delocalized on the benzene ring, 
decreasing its basicity. СУЙ, m СУЙ, 
М А 
М e | N 
B 


Geometry makes it difficult 
to have a double bond here. 
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25.53 
= В qp Ne E N ^ MT :B Е 
о оо, 
pyrrole weaker conjugate base pyrrolidine stronger conjugate base 
pK,-23 The electron pair is delocalized, decreasing the рКа =44 The electron pair is not 
stronger acid basicity. The N atom is sp? hybridized. weaker acid delocalized on the ring. 
The N atom is sp? 
hybridized. 
25.54 
NH 1] LiAIH 
а. CeH&CH;CH,CH9Br. == CgH&CH;CH;CH5NH5 d. CeH&CH;2CH;CONH; [1] LIAIH4 CgHsCH»CH»CH»NH> 
excess [2] H2O 
NaCN [1] LiAIH, Hs 
b. CeHsCH2CH3Br CeH.CH;CH;CN руно 7 CeHsCHSCH;CHaNHa е. CeH&CH;CH;CHO — Nar. cN CeHsCH;CH;CH2NH2 
с. СеНёСН»СН»СН»МО» LÀ CSHSCH;CH;CH;NH; 
25.55 
N 
а. (CHgCH2)2NH Боч м Р? с “(ОНз)» д. СУ > 
0 | | | 


Н 
С М 
СНУ ^NHCH;CHs Е Се о Cy i 
О 


О О 


25.56 In reductive amination, one alkyl group оп М comes from the carbonyl compound. The 
remainder of the molecule comes from NH, or an amine. 


a. peu" — An” + NH3 
О 


H 
. N H = + HN 
Юр. AL монь ЧЕЧ Уу ^он КАТ or pen 2 Su e 
o О 


О 
с. (CH3gCH2CH2)2N(CH2)2CH(CH3)2 => (CH3CH2CH2)NH + PUN or H. 20 + CH3CH2CH3 P 4 
H 
OO O 
d. N Б NH 
(у ж iS = | 


| 
СЊСНа 
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25.57 
У NB NH 
$ оне ој сень р с. сен ~~ СОНО 8 — Сен ~~ "CHaNH; 
О NaBH,CN дм мавнасм 
(СНа мн (ум 
3/2 
i o мсн а" di d 
NaBH3CN Ó NaBH4CN p 
25.58 
P л CH2NH2 
a. Er NH3 Cy 
22 ехсеѕѕ 
CN CH;NH 
b os [1] ЦАН, E 
2 [2] H2O 
CONH, CH;NH; 
c. OR [1] LiAIH, n 
27 [2] H20 a 
CHO CH;NH 
di PAN NH; SQ 2 2 
22 NaBH,CN г 
у г ОНз СЊВг СНЊМН; 
О“ O7 С 
M hv excess 
OH CONH CH;NH 
КГ“ [1] SOCI, 2 [1]LiAIH, Te 
о [2] NH3 [2] ЊО 
| CHNH 
в < 2 [1] NaNO», НСІ CN [1] LiAIH, ape 
V [2] CuCN [2] H2O 
pe HNO №2 н NH2 
h. Ы 2 Then as іп (9). 
NZ H5SO, Pd-C 
25.59 Use the directions from Answer 25.22. Separation can be achieved because benzoic acid reacts 


with aqueous base and aniline reacts with aqueous acid according to the following equations: 


COOH 
PNE 
( 


benzoic acid 
soluble in CH2Cl» 
insoluble in НО 


NH» 
C 


aniline 
soluble in СНСЊ 
insoluble in HO 


( 


NaOH 
10% aqueous) 


H-CI 
1096 aqueous) 


COO Na* 
+Н 20 


о; 


soluble іп НО 
insoluble іп СНС 


P 
CY" er 


soluble in НО 
insoluble т СЊСЊ 
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Toluene (СоН5СНз), on the other hand, is not protonated or deprotonated in aqueous solution so it is 
always soluble in CH;Cl» and insoluble in H20. The following flow chart illustrates the process. 


25.60 
H 


N 
СУ ~~ №епуапите 
HCI N ue Cr 
a. 
H H 
1 


CHCOOH Dur 
pc. CH3COO- 
(CH3) {CHa)2C=0 O eseo oh жы 
CH; 

сно Су 
NaBH3CN 

СН: CH 
сна еы 


е. ——— м 
(excess) I 


| сн,с, 
| 10% NaOH 
|сн;сь 
сү”. сү“ 
| 10% НС! 
њо | [сньсь 


b ÑH; СЕ | сна 


сна (excess) А90 


N(CH3)2 
A И M + CH=CH, 
CH3CH,COCI 
| с d 
OPE Се 

> LT со 

ај 
j. The product in (h) ————- о ~ „сү 

МН, HN 


f. 


h. The product in ( 


чо, 


[1] LiAIH, 
[2] H2O 


i. The product їп (9) 
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25.61 
ЕДЕТ p-methylaniline АСЊ 
CHsCOCI [ON i 
f. 2 CH3 NH3 
AlCl __/ * 
НСІ + 
а. - сњ— Ум, cr 
CH4COOH " 
A д. HCOOH он. 4 Ан, сњсоо“ 
C—CH — 
CH;COCI 3 
b. 3 > СНз / N NH 
== NaNO 
о h. > CH / N МСГ 
ы HCI = о 
c, (СНСОО арка ^ 
OT сн, NH ЭРЕР C-CHs 
i. Step (b), then —— CH3 NH 
сн " АСЊ 
а — СНз / N N(CH3)5 I C=O 
/ 
excess = CH 
Н.С CH4CHO 
e, (CHaleC=0. c. V Ns ceu, i. ae сн, 4 HCH, CH, 
= NaBH3CN = 
25.62 
CICOCe Hs 
a. CH,CH;CH;CH;NH, |. ——— — 5 —- _ CH3CH2CH2CH»NHCOC,Hs 
b. CH.CH,CH;CH,NH,  O=C(CHeCHa)e _ eu. cH, CH;CH;N-C(CH;CHj); 
[1] СНА (excess) 
с. CH4CH,CH;CH9NHa ————————=  CH3CH;CH-CH» 
[2] Ag20 
[3] A 
CeH5CHO 
d. CH,CH,CH,CH,NH, —NaBHoN  CHsCH2CH2CHNHCH;CeHs 
е. CH4CH;CH,CH;NH; ава. CH4CH;CH;CH;NHCH;CHs 
3 
сна 
f. снасњењенњмњ = — > [CHSCH;CH;CHeN(CHS)g]*T- 
25.63 


[1] СНА (excess) 
[3] A 

EN 

1] CHal Pd 
ар a E 5 = (E+) 
2 

NH, [3] A dero in d 

major product 


a. CH34(CH5)gNH2 CH&4(CH35)4CH2CH5 
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C. 9:9 
CH3 
B NH3 

CH 


25.64 


Bro 
f. CH4COOH 


[1] СНз (excess) 


H [2]Ag20 
[3] A 


СН»=СН» 
major product 
+ (CHs3)2CHN(CH3)o + 


СН=СНСНз + CH3CH2N(CH3)2 


a + ve 


3 Hs 


ate major product 


[1] [1] СН! (excess) excess) 


HN(CH3)e 


mild acid 


oft 
О 
МНЬСН»СНЬСН» МОНЬСНЬСН» 
b. mild acid 


О 
ЕТ C^ 
О 
[1] NaBH4, CH30H Su. A] СНАГ (excess) 
[2] H2SO, [2] Ag,O 
[3] А 
О 
тСРВА oe CH3NH> МНСНа 
from d.) 
О О 


а. 
oan one stereogenic center 


benzphetamine 


H 


сү" NH2CH2CH2CH2CH3 


Вз 


1] СН} (excess) By 


E AK 
N 


[3] A МОН); 


4 major product 


NaBH3CN 


NHCH;CH;CH;CHs 
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b. Amides that can be reduced to benzphetamine: 
| He 
N N 
and 
О 


c. Amines + carbonyl compounds that form benzphetamine Бу reductive amination: 


МНСНа О 
ФЕЈ MET бї OY + 
бї О „Мн 
N i J 
ae ~ ~ 
Сна _ on А CT А C А олон 0) 
[2] ПРЈАФО © | | 


[3] A 


major product elimination across  , В; 
(elimination across  , Bo) 


NH 
RC 5 { )—оңоңан, g. Сом Nanos [Orno 
excess HCI 
CO; 
[KOH — L 2 NaBH3CN 
CO [2] (CH), CHCH;CI- UT CO... | Сом + CeHsCHO [Orcco 
[3] "OH, HO 
Ope отоке 
N 
H 


d [1] НАНА 
| Т E [1] СНА (excess) 
CN [2] HO снн, J- Сн»СНЬСН» N CH(CH3)2 “PAGO 
H [3] ^ 


[1] LiAIH 
е. {сомнением : (У онлнонюн, СНзСН=СН» + (CH3)2NCH(CH3)2 
[2] H2O CH3CH2CHN(CH3)2 


f. CsH5CH2CH2NH3 + (CgHsCO)20 — 
Cg H&CH;CH;NHCOC4Hs + СоНьСНЫСНоМНа* CeH&COO- 
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25.67 NH» and Н must be anti for the Hofmann elimination. Rotate around the C-C bond so the NH; 
and H are anti. 


СНз NH; CeHs 
a. CeHs NH2 b. H CH3 c. CH3 H 
H CH2CH3 C6H5 С(СНз)з (СНз)зС мн; 
С(СНа)з СЊСНа CH2CH3 
rotate 120° rotate 120° 
three steps counterclockwise counterclockwise 
(CHa)sC NH3 Сен 
Е CH, CHCH; H CHCH; 
Сена С(СНа)з (CH3)4C NH» 
H CH3 
| ree steps three steps 
c (СНз)зС 
25.68 
ее 
ci A 
HO Cl Br Cl = == 
а. H2O ai d. CuBr 7 h. CeHsNH2 ( y N-N \ / NH; 
Su ul 
i NCA „©! а 
b. НАРО; a е. CuCN | = = 
EN | = 
мыл : " i. СеН5ОН ( “ү IO 9H 
| 
C. CuCI ч M c f. HBF, (Y CI 
I а! | 
9. мат Үү j KI 


25.69 Under the acidic conditions of the reaction, aniline is first protonated to form an ammonium salt 
that has a positive charge оп the atom bonded to the benzene ring. The -NH;' is now an 
electron-withdrawing meta director, so a significant amount of meta substitution occurs. 


liZÓso.H NH; 


<y 
CY" 


+ HSO4 
This group is now a meta director. 


с 
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25.70 
CH3 
в! [1] CH3I (excess) H H [1] Оз T T 
“ЧН pie с=с аал JC. = ^C. 
CH34CH5CHz NNE [2]АдгО ГА \ [2] CH3SCH3 H H H CH2CH2CH3 
2 ЗА н _ CH;CH;CHs 
А В 
25.71 
H H ма“ :OH 
Ju № СУ N Br 
a Bra УСУ ————- Br С ENR a ee № + r 
~ + Вг p и 47 7H CHCH; 
+ СНАСНМН; Nar ok HO Nat :ОН | 
мо + HO + Nat 
| 
СЊСНа 
HA = 
am y #1 ^ H3B—H H 
Có ©: ин оин 3 у ЈЕ o 
" НЕ + > ~ + Но 
| ` proton proton "s 
NH3 transfer source 
H 
N 
СТ + ВН; 
25.72 
- | Tp 
: :OH :0: :ÓH 30H V 
! T Г 
.. H—N :N 
iss. proton 
transfer 


:OH 


+ Н-А 
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25.73 


+ 
Toe Lo an To Toe 
Pas Quee Cete Quee НЫ ec 
a T 


alkyl diazonium salt 
aryl diazonium salt The N5* group on an aromatic ring is stabilized by 


resonance, whereas the alkyl diazonium salt is not. 


25.74 
Overall reaction: СТ Мам» СТ + | ДР" + on 
МН? НСІ, H2O OH 
The steps: 
NaNO, + НСІ 
| Л adr 
o s — a зен Saat ge: H 
NH3 N=0: N-N-0: N-N-O: 
H H 
Ger "TO СО Р a 
N-N=0: НО Ng NOH N=N—O-H N-N-OH, + Cl 
H ^H 
Cl | 
mm NEL + E. n me + H20 
Фе С: FN А 2 
— Nh А H-OH 
+ HCl = 


H A 2n x 
OF aua Об — OF" — [De 
E i br ČI 
+ 1,2-H shift H-ÖH " 
E 
Cha] O be 
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25.75 А nitrosonium ion ( МО) is a weak electrophile so electrophilic aromatic substitution occurs only 
with a strong electron-donor group that stabilizes the intermediate carbocation. 


нос :0-N-6: — нес HO-N-O: + ма — H-O4N-Ó: ——- "N-Ó: + Hö: 
M = Mo 7 | 


Ма+ H «eg 


Can — 5-Я ср тона, — 5-4-0) сна, D ÖÄK “Мона, 


| 7 | especially good 
N=O: resonance-stabilized carbocation | resonance structure 


All atoms have octets. 
Ó-N-X Мень, 
Н 
:O=N— )—N(CH3)s — МСН), 
Hy 


тон T HÖ: 
25.76 
О 
NH3 [1] CHI 
a. E (Hofmann elimination, less 
ЯВНО = а di substituted С=С favored) 
О 
b d La bstituted C=C favored 
Я CHOH (more substitute avored) 
(Е + 2 isomers formed) 
25.77 


b. Bro Ho CICOCH3 
FeBrs Pd-C 
NO; Br NO Br NH2 NHCOCH3 


Br 


o 


_CHgCl_ NO3 Ho ES [1] мамо;, НСІ i 
АСБ 5 ез HSO; = ON 3 f C pac” НМ СНа pna СНз 


(+ ortho isomer) 


H aN NC 
[1] NaNOs, НСІ Br МС Br 
[2] CuCN FeBr, Cr 
(from a.) 
NO, мн, OH 
HNO3 CX н, СТ [1] Мамо», НСІ Di 
HSO Pd-C 2] H;O 
Br са Вг Вг [2] He 


| Вг 
(+ para isomer) 


2 


Ф 
du 
[ve |" 
с“ 
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Chapter 25—28 


KMnO H 
f. ow-( Усы, + on—~ \соон — 2- нм—_ coon Мана, |o. \ cogn 


S Pd-C = [2] H2O 


(from c.) 
о 
а (^ See. HNO3 Ô 2N [1] мамо, HCI 
АС 50, маг ^ 


[2] HO | Е 


(from а.) (from d., Step [1]) 


25.78 
5 NH» 14] NaNO», НСІ mo COOH [SOC _ CONHCH3 
| [2] NaCN [2] NH;CH; МН2СНз 
NH, NHCOCH, FeBr; NHCOCH, Alc. NHCOCH3 E 


(+ ortho isomer) [1] -— HCI 


[2] H3PO2 


CH3 
| Вг 


соон COOCH;CH; 
HOCH,CH3 
с. H5SO, 
(from a.) p 
1] LiAIH B 
d. {_у—соон I 28 "т 2. Br онон 
[2] H2O FeBrg === 
(кота.) = zd 
ji HO 
HN HO 
. TI] NaNO,, HCI оңо емге. {нем 
ОПЕ АСБ | 
сн, (from a., Step [1]) CH3 


(+ ortho isomer) 
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25.79 
_сња _ _Бс=о _ 
[1] АСЬ (excess) NaBH3CN 
Br СНО снн; _ 
[2] мавнасм | 


(from [1]) [1] ЦАЈН, 
[2] H2O 


KMnO, COOH [1] $ОСЬ _ П] ЧАН, _ os pa 
a. oe i 
(from [1]) 
CN 
[1] HNOg, Н;5О, _ [1] DIBAL-H | Then route [2]. 
[4] РН» РЕС © (HO © 
[3] МаМОь, НСІ 
[4] Сисм 


Iz 


[1] ЦАЈН, 
[2] H2O 


Cn. Then route [1]. 
Bro Br MgBr [1] CO, COOH 
[9] ҒеВгз [2] НзО*+ Then route [3]. 


[1] Н;С=О 
[2] H2O 


cy Then route [2]. 
— 80 
mCPBA 1] LiAIH, О MN 
4 4 2] HO i: OH 


PCC CH3NH, 
О CH3NH; [9 О 
a МНСНз | мавњсм M О A NHCH; 
MDMA MDMA 
[part (b)] [part (а)] 
25.81 
CH3O CH30 CH4O 
E Br ^ NaCN CN [1] ЦАН, ? 
CH3O CH3O [2] HO d 
сно СНО 


mescaline 
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СНО Se СНО Вг СНО NH, 
b. HBr NH3 
CH0 ROOR CH0 excess CH30 
СНзО СНзО CH3O 
О 
СНзО Вг Mg СНзО MgBr [n /Х CH34O OH PBr; СНО Вг 
с. 
CH4O сно [2190 сњо CH4O 
CH4O CH4O сно CH4O 
NH3 
excess 
СНО NH2 
NO 
CH3O 
25.82 
у _НМОз_ NO? Hy _ МН; 14] NaNO», HCI БАП Кен COOR. ы соон 
| HSO, Рас [2] CuCN Еесв 
с! 
CI CI CI CI Cl Cl 
| HNO, Cl н, [1] Мамо», НСІ 
` H5SO, FeCl Pd-C [2] H2O 
NO, (2X) NO, МН, OH 
CH,Cl HNO m 
с : È з, CH, 4 2-799: Hə = ум 
: МАС H5SO, Pd-C 
[1] МаМО», НСІ 
(+ ortho isomer) | [2] NaCN 
2021 „(Су 
[2] H20 
CH3CH;CI HNO; H2 
d СН»СН» ЕЕ. CH4CH5 МО» CH3CH3 NH3 
: АС H5SO, Pd-C 
ortho isomer [1] Мамо», HCI 
(+ ) [р] CuCN 
ем 
CH3CH; C \ cooH — сњоњ о 
e. PI) x. ON CH А CH 
ON CH - 
? C / | FeBrs | i Pd-C но  — H20 | 
(from c.) Br Br 
СІ 
f. [1] МаМОь, НСІ == 
NH N=N NH 
M V/ 7 
War 
a (from b.) 
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25.83 
HNO; NO2 cp 
HS0, FeCl3 
же 1] NaNOs, НС! oa | н. 
РАС HN > њо 
(from a.) 
CICOCH;CH; сь 
C. А": 
АСВ но, HCI 
25.84 
NH; 
р C) [1] НМОз, H9S0, [1] мамо;, НСІ 
| [2] Hə, Pd-C [2] но 
CH4CH4,OH 
[сто Н,804, НО 
CH4COOH 


NH2  |сось 


О 
Н 
N ДА 
снасос! 
b. pee, Y 2 
О AlCl, 


(from a.) 


Pd-C 


(o 
CI 


Amines 25-31 


E 


| 
EA 
(+ isomer) 
cg cal 
Н8504 HO Pd-C но 
(+ ortho isomer) p О 
О 
H 
sd 
JOD 
HO 
О ОН 
CI NH;CHs NHCH, NaBH, NHCH3 
CH4OH 
CH4OH 
OH ОСЬ ОН OCH3 
CHCl Br, В Вг иу ман PN | B 
АІСІз ҒеВгз [2] CH3Cl EN 
(2X) 
(+ ortho Br [1] Bro, hv 
isomer) NH» [2] NH3 
CH,O (excess) 
Br 
N 
Y -он, њо 9 = 
- NH 
О р \ ) : 


(+ ortho isomer) 
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СНОН 
[soci 


с Cl; [1] CHCl, AICI, = [1] ша, НО — РСС 9 = 
! ES ЕЯ оа — —C mo < po b \ poo 
(+ ortho isomer) (У 
NH, 


(from a.) 
mild acid 


CH3OH 
SOCI, 


d. сз. а” 2 
= 
АСЫ HS0; ом [2] CHOH, HYG y I 
(+ ortho isomer) “ РСС 
Haen Y= COsCH3 


NaBH4CN 
NH, 
о ис О 
[1] Hp, Pd-C m 1] KMnO — F 
e Oo N К СНз 2 = Е N К СНз | ] To F N / d > \ / С 
[2] NaNO;, НСІ [2] SOCI, cı (from a.) \ / 
(from d.) [3] HBF; 
Probably a strong enough activator that the Friedel-Crafts reaction will still occur. 
О 
МНСОСН. о c 
Make two parts: сну ^NH О 
Ci АЈС 
+ 
f. 
| eee 
CN I 
CN 
NHCOCH3 NHCOCH3 NHCOCH3 
[1] HNO3, 80, [1] мамо;, НСІ 
[2] H5, Pd-C [2] Сисм 
(from b.) NH; CN 


(+ ortho isomer) 


CH CH 9 
ГҮ [1] Hp, Pd-C Kx [KW o, 
[2] Мамо», HCI | [2] SOCI, 


(from d.) [3] Nal I 
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25.85 
molecular weight = 87 H H 


C5H43N | N к У E 
two IR peaks - 1? amine H did H H 


25.86 
E z нн Noon, 
NHCH;CH3 CH,NHCH3 
Compound A: CgH,,N Compound В: CgH,4N Compound C: CgH,,N 
IR absorption at 3400 ст“! 2? amine IR absorption at 3310 cm"! — 2° amine IR absorption at 3430 and 
1H NMR signals at (ppm): 1H NMR signals at (ppm): 3350 ст“! — 1° amine 


1.3 (triplet, 3 Н) СН» adjacent to 2 H's 1.4 (singlet, 1 H) amine H 1H NMR signals at (ppm): 


3.1 (quartet, 2 H) СН» adjacent to 3 H's 2.4 (singlet, З Н) СНз 1.3 (triplet, 3 H) СНз near СН» 

3.6 (singlet, 1 Н) amine Н 3.8 (singlet, 2 H) СН» 2.5 (quartet, 2 Н) CH» near СН» 

6.8—7.2 (multiplet, 5 H) benzene ring 7.2 (multiplet, 5 H) benzene ring 3.6 (singlet, 2 H) amine H's 
6.7 (doublet, 2 H)| para disubstituted 
7.0 (doublet, 2 H)| benzene ring 

25.87 
C=N 
Hoc ~~ но “мн 
Compound D: Compound E: 


Molecular ion at m/z = 71: СаНЕМО (possible formula) ^ Molecular ion at m/z = 75: C3HgNO (possible formula) 
IR absorption at 3600-3200 cm^!— OH IR absorption at 3600-3200 ст!» OH 


2263 ст 1— CN 3636 ст“! -> N-H of amine 


Use integration values and the molecular formula to 1H NMR signals at (ppm): 
determine the number of H's that give rise to each 1.6 (quintet, 2 H) CH» split by 2 CH,'s 
signal. 2.5 (singlet, З H) МН, and OH 

'H NMR signals at (ppm): 2.8 (triplet, 2 Н) СН, split by СН, 
2.6 (triplet, 2 Н) CH» adjacent to 2 H's 3.7 (triplet, 2 H) СН» split by СН» 


3.2 (singlet, 1 H) OH 
3.9 (triplet, 2 Н) СН, adjacent to 2 H's 


25.88 Guanidine is a strong base because its conjugate acid is stabilized by resonance. This resonance 


delocalization makes guanidine easily donate its electron pair; thus it's a strong base. 


+ .. .. .. 
МН «МН> NH2 NH2 NH2 
|| НА || | | | 
Сон T CN E on ANC, + +20, .. 
НМ” Н, HÑ ^ NH; НМ ^ NH; HN (ун, ным" ^^ NH; 


guanidine pK, = 13.6 


692 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 25—34 


25.89 
Es CH3. t "e 
[1] СНЕГ (excess) [2] Ag20 [1] СНА (excess) [2] AgzO 
wu [3] A [3] 4 
N(CH3)2 — +N(CHs)3 CsH10 
Y 
25.90 


One possibility: 


рој с б 


(+ isomer) NaBH, 
CH3OH 


eh A TOOL Lx 


albuterol OH 


О 
b. /\ +  HN(CH;CHg; 


© HNO; Ije [1] мамо», HCI С [1] Ман O 
H5SO, ON а С [2] [HO | HO " pu `` 


| Bro 


ON COOH COOH Br 
БА HNO, е ^79 


| SOCI, 


О 


O 
XY ON оуу ОНЕ н, [> 
Pd- 
So A БОД С Мо 
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Chapter 26: Carbon-Carbon Bond-Forming Reactions in Organic Synthesis 


+ Coupling reactions 


[1] Coupling reactions of organocuprate reagents (26.1) 


| • ВХ can Бе CH3X, RCH;X, 2° cyclic 
Е i halides, vinyl halides, and aryl halides. 
X =Cl, Br, I + LiX e X may be Cl, Br, or I. 
e With vinyl halides, coupling is 
stereospecific. 


[2] Suzuki reaction (26.2) 
Y | Pd(PPh * R'Xis most often a vinyl halide 
R-X + R-B Li LN + HO-BY, P 


3 NaOH or aryl halide. 
Х = ВЕ 1 + Мах e With vinyl halides, coupling is 
stereospecific. 
[3] Heck reaction (26.3) | | 
= E Pd(OAc)> ROA • R'X is a vinyl halide or aryl 
E Е P(o-toly, ^ 7 halide. 
X =Вгог1 (CH3CH»)3N e Z= H, Ph, COOR, or CN 
+ (снасњућн X- e With vinyl halides, coupling is 
stereospecific. 


e The reaction forms trans alkenes. 


+ Cyclopropane synthesis 


[1] Addition of dihalocarbenes to alkenes (26.4) 

• The reaction occurs with syn addition. 

* The position of substituents in the 
alkene is retained in the cyclopropane. 


N / СНХз 


* The reaction occurs with syn addition. 


И The position of substituents in the 
C=C у : : 
N alkene is retained in the cyclopropane. 
* Metathesis (26.6) 


Grubbs 
2 RCH=CH, —— ————- | RCH=CHR | + CH=CH, 
catalyst e Metathesis works best when СН2=СНЬ, 
2 Grubbs a gas that escapes from the reaction 
N catalyst + CH2=CH3 mixture, is formed as one product. 


diene 
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Chapter 26: Answers to Problems 


26.1 A new C-C bond is formed in each coupling reaction. 


(СНь=СН)»Сиц 


а. N dae PP d 
new C-C bond 
(CH3)oCuLi 
^ Ow Bt Oe 
new C-C bond 


СНО 1 СНзО 
е: ТУ (CH4CH;CH4CH);CuL i Фе 
СНзО = СНзО new C-C bond 
| JA. 


d. new C-C bond 
Su. 
26.2 
ES 
к а several (CH3)CuLi а 2 
| steps steps 
ОН СОСН; 
Сава juvenile 
hormone 
26.3 


Cp 
a. (CHa)2CHCH;CHa1 И, ((CH3)9CHCH2CHp]CuLi (о омененень, 


[2] Cul 
or 
[1] Li . (CH3)2CHCH2CH31 
Br ————- d 
C 2 | још C jos (о | оъоменены, 
[2] Cul 


ci [Li сиц а дај 
©. die d [lcu 
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26.4 
a т А Mb сив Ша 
| 'o NaOH 
Pd(PPh 
P. (Bloch + og s sg a O 
NaOH 
Oe 15 
с. Вг ( зоон + LiOCHs 
[2] B(OCH3)s 
= © E^ 
d. C=C-H + Нев — (o ` 
O 
26.5 


2 
`o H B. Xj KANAAN 
a. CH4CH,CH;- CE C-H - =/ o Раче. м. 
Pd(PPhg)4, NaOH 


Li B(OCHs)3 VN Pd(PPh3), 
«Qo ОУ оь. жены, C) ш OO) 
c. O Br; Jos Li Jos B(OCH3)s Ly посна, | < 
СНзО СНзО сно СНзО Ра(РРИз)4 © 


(+ ortho isomer) NaOH 


Вг A Heck c] p 
a; * reaction Ф 
OCH3 2 
b. ZUM 27 Неск т Су 
reaction 
Br неск Z~7~on 
с. 7см + ке reaction 
OCH, Syl 
d. a " _ Heck _ OCH, 
О reaction 


26.7 Locate the double bond with the aryl, COOR, or CN substituent, and break the molecule into two 
components at the end of the С=С not bonded to one of these substituents. 


Br О 
> == 
ОСН T 
a. 3 CI E 


OCH3 
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: One — C) © 


O О 
с: 
===> + 2 H 
Oo МА СОСН; 22 вг CO,C 3 
26.8 Add the carbene carbon from either side of the alkene. 
Cl ol 
CH H 
3 / CHCl, £X СНз H 
a ES UO сну Сен + Heto c 
Но ОМ H H M 
enantiomers IN 
cl CI 
Cl а 
СНзСНЬ СЊСНа CHCla C 
b icd се. СНзСн»,,, „„СЊСНа 
PEN KOC(CH4, СНзСН>у N'CH;CHS + He—C—C—H 
H H H \/ 
identical 


o 


enantiomers 


26.9 


CHCl A 
КОСЕ F Ye 


CHBr 
b. — Br 
KOC(CH3)s Br 


B 


26.10 
2 aq СН (> + Zn 
Zn(Cu) 
р 
р. > сн» <> + Zn 
Zn(Cu) = 


CH CH 
СНз сне, 2 dis 
"CO + CCl, 

KOC(CH3)s i а 

H H 


/\ 
Cl Cl 


A 


LiCu(CH3)o 
с. Br 
Br 
(from b.) 
с. 
Zn(Cu) 
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26.11 The relative position of substituents in the reactant is retained in the product. 


H H СНзСНЬ, H 
H 
СНаСНр осе“ СНЫ д " mio CEA CH.CH, 
"~ PIE ма С— Сл, C 
H CHCH CH3CH> H 
273 Zn(Cu) 2“ \ен,сн, н u 


trans-3-hexene 
two enantiomers of trans-1,2-diethylcyclopropane 


26.12 
. Grubbs — Grubbs 
ја TOY 7 catalyst 7 talyst catalyst ^ 
ca 
5 (Е апа s) 
OCH; 
. Grubbs (СН»=СН» is also formed in each reaction.) 
catalyst ^ 
(Eand 2) 
OCH; OCH; 
26.13 


NM 


cis-2-pentene 


> + Үү + ря + Я 
There are four products formed т this reaction including stereoisomers, and 
therefore, it is not a practical method to synthesize 1,2-disubstituted alkenes. 


26.14 
О 


26.15 High dilution conditions favor intramolecular metathesis. 


D- D 


o— 


Under high dilution conditions, an intramolecular reaction is favored, resulting in Y. 
Two different molecules do not often come into contact, so two double bonds in the 
same molecule react. 
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Ш сһаіп 
PS Alkenes 1 and 2 differ in proximity to the ether side chain. Three products 
are possible because alkene 1 can react with alkene 1 in another molecule 


(forming Z); alkene 1 can react with alkene 2 in another molecule (forming 
Z'); and alkene 2 can react with alkene 2 in another molecule (forming Z"). 
At usual reaction concentrations, the probability of two molecules 
approaching each other is greater than the probability of two sites 


(connected by a long chain) in the same molecule reacting together, so the 


dg d chain À SR 
9 intermolecular reaction is favored. 


z- әй з y» 


26.16 Cleave the C=C bond in the product, and then bond each carbon of the original alkene to a СН» 
group using a double bond. 


СОСН; CO;CHs 


a. ӨЕ = о с. CHO CHO 
5 PZ N E 


О , О 


—> 
СНао СНао SS 
OH OH 
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C-C Bond-Forming Reactions 26-7 
26.17 


CI CH2CH2CH3 
a. CY + | (CH43CH2CH5);CuLi CY 
B(OCH3) ey d(PPhs3)4 ^ \ 
NaOH — 


b. 
N 
__Ра(ОАс)2 _ OAC)» Qe < 
©: 292 — P(o40lyl), - | » 
(СНУСНЬ)зМ |. 
[1] Li 
d. e ee Se Au 2 
BI ву \ 
ji o Pd(PPha)4 We d 
74 
е. A po CH X2 m s 
О NaOH 
f сню— в + Zco,cu, _Р9ОА9) oÈ У. 
P(o-tolyl)s COsCH3 
(CHgCHs)3N 


у St 
g. Br N 
[2] В(ОСНз)з 
[3] NB + Pd catalyst 


ap 
cd 


в. (CHg4C—CsC-H 
[2] СоНьВг, РА(РРћа),, NaOH 


СО;СНа CO.CH3 ZA B 
d. Гү r 
b. PW PT CH4O CH4O 
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26.19 
Each coupling reaction uses Pd(PPh3)q4 
and NaOH to form the conjugated diene. ws 974 
А 
I^ "~ 
> 
xe» н A B 
| А) 
{ )—с=с-н О и `o 
H 
ethynylcyclohexane I 
SS 
P ЖЕ It is not possible to synthesize diene D using a Suzuki reaction with ethynylcyclohexane as 
starting material. Hydroboration of ethynylcyclohexane adds the elements of H and B in a syn 
D fashion affording a trans vinylborane. Since the Suzuki reaction is stereospecific, one of the 
double bonds in the product must therefore be trans. 


26.20 Locate the styrene part of the molecule, and break the molecule into two components. The 
second component in each reaction is styrene, С6Н5СН=СН». 


Ot. pe ex 


styrene part styrene part styrene part 


26.21 Inversion of configuration occurs with substitution of the methyl group for the tosylate. 


Ар (сви nd m еец. UE 


26.22 
HBr LOGOS OO 
Рен —ROOR " wa Br +t hou — 
1-butene а octane 
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26.23 Add the carbene carbon from either side of the alkene. 


H 
CHO LO Cy AA uem 
a: KOC(CHjs “а KOC(CH3)s 


H Cl Cl (> 

H H C H, “ 
= | JN D К: 
= = C—C=H 

сны н Се, $ C= \/ 

b: <] ee eee <> ET CP i C 

Zn(Cu) Е 2 /N 

H H Cl CI 


CH; „CH3 
245. и cd Ер 
KOC(CHj)s VB >. Br 


H H = d 
CHCl; /\ 
1 à KOC(CH3) HP NH 
d CHolo N 2 3/3 
| Zn(Cu) у eT 


26.24 Since the new three-membered ring has a stereogenic center on the C bonded to the phenyl 


group, the phenyl group can be oriented in two different ways to afford two stereoisomers. 
These products are diastereomers of each other. 


ey" 


oe O OR 


26.25 High dilution conditions favor intramolecular metathesis. 


OH 
. Grubbs _ Оон ОН Grubbs 
OQ ^ catalyst - CY e үу catalyst СО»СН» 
СОСН; "T 
" 1 Grubbs 9 
БУЯ catalyst E" 


26.26 Retrosynthetically break the double bond in the cyclic compound and add a new =CH; at each 
end to find the starting material. 


CO2CH3 


C. = 27 
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26.27 Alkene metathesis with two different alkenes is synthetically useful only when both alkenes are 


symmetrically substituted; that is, the two groups on each end of the double bond are identical to 
the two groups on the other end of the double bond. 


a. CH&4CH,CH-CH; 


+ CH3CH5CH5CH - CHCH2CH; + CH3CH,CH=CHCH,CH3 + CH3CHs,CH,CH=CHCH2CH2CH3 

CH4CH4,CH,CH- CH; + сњ=сн, (Z+ E) (2+ E) (Z4 E) 

b. EM m ИШЕ, This reaction is synthetically useful since it 
+ PES yields only one product. 

с. 

C. Eu uo = T 

==/ + == + СН.СН=СНСН, + СНУСН›СН=СНСН»СНЗ 
(2+ E) (2+ Е) 


26.28 


27 x 
са ево а а SLE OE о + 
О M о 
О О 


26.29 АП double bonds can have either the E ог Z configuration. 


i [a bn / у 
| by — Ко лот 


26.30 
а. СНВгз 
KOC(CH3)s 
Br COOH CH30,C COOH 
Pd(OAc 2 
b. X + “сосн, ша “Уу 
P(o-tolyl)3 


Br Br 


(CH4CH3)N 
О + СС === OC 
мнсосн, РУз NHCOCH; 

CH3CH5)sN 


CH; CH3 


Pd(PPh3), 
d. B(OCHgs +  CHjO C / SEEN - CH4O 
Ра( _ Pd(PPhg, — 
s (79 NaOH 
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C-C Bond-Forming Reactions 26-11 
О = 
. Grubbs — 
2909 ~ catalyst CX) 
C CHA _ Go 
Zn(Cu) 


Br Br 
(CH3)eCuLi 
Product in (a) 
i МАХ [1] Li УМЕ 
[2] Cul 
[3] ^w Pr 


l| CH4CH?-CSC-H 


[1] еф ~ У 
xo 6v 


Pd(PPhs)4 
NaOH 
26.31 
О: 
Od A eu -— 
Cl C- C CI-C:Na* + O=C=6 - CI-C: + CO, + Мас 
Co: Na* Cl di 


26.32 This reaction follows the Simmons—Smith reaction mechanism illustrated in Mechanism 26.5. 


Br 


| 
Oo зв СС, S ED 
[n Zn—Br [2] 


у 


26.33 
OCHs  1,4-аданоп of the 7 0 = А es + PhS 
Phos- (= sulfur ylide tothe а resonance-stabilized О 
: санып ш, methyl trans-chrysanthemate 


a sulfur ylide 
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diazo compound | 


26.35 


1 
У = | а {лз 
а. рн + —pa— 
Pd(PAr;); ArgP-Pd—1 ArgP-Pd—1 


oxidative addition syn addition 


| 
ArsP—Pd—I 
У [3] Ф РАгз [4] 
HO | РА(РАг:)> + HI 
P ^ 


syn elimination E T GE TE reductive 
H elimination 
This H 


The H cis to Pd Б мапа 


is eliminated. 
b. This suggests that the stereochemistry in Step [3] must occur with syn elimination of H and Pd to 
form E. Product F cannot form because the only H on the C bonded to the benzene ring is trans to 
the Pd species, and therefore it cannot be removed if elimination occurs in a syn fashion. 


26.36 


p 
H-B. 
Br О m 
Mars. "D E CL. о Вг 
(- НВг) A B е 
ЊУ 
(Z)-2-bromostyrene 9 


Pd(PPh3)4 
NaOH 


e$ О 
» 


E 
Е 


О 
/ 
„РИД оне 
"— d = - __ „ДО 
Pd(PPh3)4, NaOH 


26.37 
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26.38 
| 
НО OOH Soch _ Hoc Va 
TBDMS-CI 
imidazole 
NaH _ 
HC=CH нС=С + твомзо ~~ мм а о 
\ 
CL BS OH 
О 
| CL. e 
`BH 
o о 
нс= и ~~ У Хотврмѕ BA OTBDMS 
o 
26.39 


а. СНзО ^ N — CH,O а \ Br 4 <) Synthesize these two components, and 


\ / then use a Heck reaction to synthesize the product. 


_HINO3 _  \ Њ  \ и P 
(y IDA н,50, 4 NO; Pd-C (Ў Ho МС OH 
1] NaH Br. 
С \-on Ша CH30 / у = СНО и \ Br 
[2] CH3Br E = 


CH3CH,OH 
| SOCL 


CH,CH,CI 
(y mue. === pp. — (ое МОНА (4 
AlCls 
d(OA EDS 
00У. А) У (= 
P(o-tolyl)s Ww / 


(CH34CH5)4N 
CH4CH,OH 
Br | 0С Вг 
CHO АК CHO 
(from a.) 


К Ч(ОАс)» СОБЕ! CO,Et 
+ ~ „СОЕ! 
P(o-tolyl)3 
CH3O сно Pd-C СНО 


(СНзСН2)зМ 
MgBr | [1] (2 едим) 
Oa - (Y ae 
FeBra 
OH 


CH4O P С) 


705 


706 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 26-14 


26.40 


Br Br 


NBS 25 CHBr 
C» Cer NaOH ( "T RM Ви 
ћу 


KOC(CH;)s 
J pr (CHsCH2CH2CH2)2CuLi CM ~ Снр CX 
r > 
Zn(Cu) 


Br 


а Br? CH=CH ~ СН For an alternate synthesis of styrene 
| ЕеВгз Ра(ОАс)> Zn(Cu) see Problem 26.39. 


P(o-tolyl)3 
(CH4CH;jN Styrene 


b “ СНСЊ 
: CI 
KOC(CH3 а 


)з 
styrene 
(from a.) 
on Su CO?CHs ~ COCH; 
с. 
Pd(OAc); її 
(from a.) P(o-tolyl)3 


(СНзСН2)зМ 


Br [1]! — \ в и а ~ 
Ч. \ / CuLi Е one 
[2] Cul n 


(from a.) 
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26.42 
[1] NaH [1] NaH и 4 


а. НСЕСН = E — 
Lindlar 


[2] Уа а catalyst 


[1] NaH FM _ [1] Ман Ма 
b. НСЕСН - СЕСН " — ) __ 
NH; 


x 


+ enantiomer 


О E CH E 
PhaP-CH; С Zn(Cu) 
Br 


п Сб Bro _ or LiBr CN о HH) К 
CH4CO;H LisCO3, DMF [2] HO 


| PhsP=CH> 


[1] (CHg)zCuLi CHCl; C» 
[2] H20 кос (СНз)з 
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Either compound can be used to 


26.43 
а. СН» OCH; = > СНз Br + Br ) ОСНз synthesize the organoborane, so 
V 7 V 7 V 7 Y two routes are possible. 
Possibility [1]: 
CHsCI Bro [1]Li 
OBE (Эду oen s Pom 
АС ЕеВг» [2] B(OCH3), 
HNOs — п H5 — [1] NaNO», НСІ > = 
NO; - Br МН, - Br H 
WB aucem V 


Bro >» 
- Br - Br 
© РеВгз V / H5S0, V / Pd-C 
[1] NaH 
la CHsl 
== Pd(PPh3)4 == 
N 7 OCH3 s СНз {> ( / OCH3 


NaOH 


Pd(PPh3)4 


Possibility [2]: 
[1] Li x 
Br OCH, (СНаО)„В OCH, + СНа \ / Br а 


[2] В(ОСНз)з 
(from Possibility [1]) (from Possibility [1]) 
oC 


00-00-60 


та acidic ОН makes it impossible to prepare ап organolithium reagent 
from this aryl halide, so this compound must be used as the aryl halide 
that "E with the irr dle from bromobenzene. 
HO 


HNO3 Os [1] Мамо», НСІ 
Br ——- B - 
РеВгз | we / [Ho zi 


HSO, Pd-C 


de s X 
(Снз0)В 


РеВгз [2] B(OCH3) 


НО 
(СНО 
o0) OME О 
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c. P V / ү =) +в ) p 


This can't be converted to an organoborane 
reagent via an organolithium reagent. 


three 
(ој {воен (as in 26.436) 
pus 
Bro HNO3 Ho [1] Мамо», НСІ 
€) Br в—( №. Вг NH2 в—( он 
FeBr, H5SO, Pd-C [2] H20 


CH3COCI 
pyridine 


ЕОС СОБЕ 


ЕОС СОЕ 
Grubbs _ 
catalyst - 


Synthesis of starting material: 
EtO.C СОЕ 


сбой _ МОВ , „оно, Ш Мао , 
бај“ "Да 
а! 


вос, 
p 


OTBDMS 
OTBDMS Grubbs 


< d catalyst 


Synthesis of starting material: 


PCC 
РОН dn di OH 
О МММ 
H20 
ОН. PEEL Su Br. МУ ‚ ху — imidazole” 
imidazole 
OTBDMS 


9 A 
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26.45 


| | 
SS _ Grubbs — 
~ catalyst - 


Synthesis of starting material: 


О 
CrO 
SOClo 3 
С OH H250, 22 “он 


О О 
ay > NaBH, [1] NaOEt че 
АС CH30H Ev. 


[soci 
ZO 
О 
. Grubbs _ 
PT ~ catalyst - \ © 
Synthesis of starting material: 
вг, Вг Mg MgBr 
FeBrg 
H,SO zs 
Сон 2974 _ H =CH mCPBA = 
Che Che |= ZO 
TsOH 
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26.46 
Ci: OM CI сн; CI сн, 
EE 
CH4O м CH,O _ [1] (CHgCH2CH2CHa)4N* F^ с O N. 
CO2CH3 COCH; [2] PCC СО;СНа 
ч гыш и 
I А 2 2 “сно 
directed aldol 
[1] СНАСНО + LDA — "CH;2CHO 
[2] НзО* 
CI сн: 
CH0 М. 
CO,CHs 
Several steps 
22 “сно 
` A 
maytansine 
26.47 
OH OCH, OCH 
O” HNO3 Br E Br [1] мамо;, НС! Br [1] NaH Br [1]Li CuLi 
a. 
Н,50, Pd- PC [2] H2O [2] СНА [2] Cul 5 
Bra СИ | 
OCH3 OH OCH, 
H20 < 
Н804 
(2 enantiomers) 
OH OTBDMS 
[1] Os04 но Ду TBPMS-Cl_ тврмво A Aan ~ 
ZS 
р. 2 Вг В Вг 
[2] NaHSO3, H2O imidazole | 
[1] Li 
[2] Cul 
OTBDMS Br. A 
TBDMSO OTBDMS 
m TBDMSO | 
CuLi 
2 
(CH3CH5CH5CH5)4N*F* 
OH 


aro 
(2 enantiomers) 


кс 


— ЗРЯ 


d(PPh3)4, NaOH 
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CO;CH 
(470008. b з 
d. раң ^ Ра(ОАс) © 
P(o-tolyl)3 
(CH3CH5)sN 


СОгСНз Zn(Cu) ну N'CO;CHs 
e. (yw + “сосн;  Pd(OAo, > O~ Сн; H 


P(o- iolyll 


(CH3CHa)3N (+ enantiomer) 


О 
{ PN ПЕ ДА mCPBA 
Br [2] Cul à dn | Br 


(2 enantiomers) 


26.48 
а: Zw. О A E P 
—_ > = 
b Й 3 x adi Sis 
О 
9 o 
af 9 
/ A 2 A / HAM. 7 Е 
= COS — puo 
EtO.C СОЕ СОЕ OH 


[1] NaH (2 equiv) 
[2] Z^? (2 equiv) 


7 
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26.49 
ха OCH2CH3 
Pd( _РА(РРИз) _ H3O* 
м" C41 H44 NO 
OCH.CH, ~ NaOH ^ 
F 
ul OCH;CH OCH;CHs та T 
H= бон, Cr неон; 
"n f Lem |.9—OCH;CH; 
AS © + H20 O + T 
° fh 
edi. 
Е OCH;CH; 
N 
778 + H20 
+ њо" resonance-stabilized 
| + H-OCH;CHs 
26.50 
OL "~РРЋ OF PPhg 
CHO К DAL CHO. ~ A сњо. A 
О О О 
к № 
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Chapter 27: Carbohydrates 


+ Important terms 


e Aldose 
e Ketose 
• p-Sugar 


* Epimers 


* Anomers 
e Glycoside 


A monosaccharide containing an aldehyde (27.2) 

A monosaccharide containing a ketone (27.2) 

A monosaccharide with the O bonded to the stereogenic center farthest from the 
carbonyl group drawn on the right in the Fischer projection (27.2C) 

Two diastereomers that differ in configuration around one stereogenic center only 
(27.3) 

Monosaccharides that differ in configuration at only the hemiacetal OH group (27.6) 
An acetal derived from a monosaccharide hemiacetal (27.7) 


$ Acyclic, Haworth, and 3-D representations for D-glucose (27.6) 


CHOH 


O. H 
Haworth Н H H 
projection OH H == OH H 
HO OH HO H 
н Он н Он 


СНОН 
асусііс form 


а апотег 


CHO 
Н» СОН 
HO-C-H 
H-C-0H ; 
descen H H 
СНОН 


3-0 representation | HO 
HO 


+ Reactions of monosaccharides involving the hemiacetal 
[1] Glycoside formation (27.7A) 


ae OH OH * Only the hemiacetal OH reacts. 
HO „ВОН, HO A но О * A mixture of a and В glycosides 
HO HCI HO HO OR f 
OH OH OH orms. 
OH OR 


a-D-glucose 


а glycoside В glycoside 


[2] Glycoside hydrolysis (27.7B) 


OH OH ОН 
но OQ нњо HO O н Q . 
HO HO + но OH 
H OH 
FoR OH a 


В anomer 


A mixture of a and В anomers 
forms. 


a апотег 
+ АОН 
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+ Reactions of monosaccharides at the OH groups 
[1] Ether formation (27.8) 


OH OR 
HO RO 
RX 
H OR 
2 OH OR 


АПОН groups react. 
The stereochemistry at all stereogenic centers 
is retained. 


[2] Ester formation (27.8) 


OH OAc 
RC Um AcoO or AcO о 
HO AcCl AcO OAc 


pyridine AcO 


+ Reactions of monosaccharides at the carbonyl group 
[1] Oxidation of aldoses (27.9B) 


CHO | COOH | [ COOH | 

|__ [0] — | —- г ИШЕ 
ES Loch si or | | 

CHOH CHOH COOH 
aldose aldonic acid aldaric acid 


All OH groups react. 
The stereochemistry at all stereogenic centers 
is retained. 


Aldonic acids are formed using: 

• AgoO, NH4OH 

e Cu? 

е Br», H;O 

Aldaric acids are formed with HNO;, H20. 


[2] Reduction of aldoses to alditols (27.9A) 


CHO CH,OH 
_ | мавн, 
С Ea CH4OH 
CH;CH CH OH 
aldose alditol 


[3] Wohl degradation (27.10A) 


This C-C bond CHO 
is cleaved. он CHO 


—|— [1] NH,OH E 
Dp [2] Асо, NaOAc —L— 
—L— [3] NaOCH3 —L— 


The C1-C2 bond is cleaved to shorten an 
aldose chain by one carbon. 

The stereochemistry at all other stereogenic 
centers is retained. 

Two epimers at C2 form the same product. 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 717 


Carbohydrates 27—3 


[4] Kiliani-Fischer synthesis (27.10B) 


CHO CHO 
ү H——OH нон 
[1] NaCN, HCI a _. • One carbon is added to the aldehyde 
[2]н,, Pd-Baso, —|— “ end of an aldose. 
[3] H,0* =e * Two epimers at C2 are formed. 
PRESA CHOH СНОН 


* Other reactions 
[1] Hydrolysis of disaccharides (27.12) 


О 
H30* О О 
ML ОНИ " 
This bond is -— а VA pu WM 


OH OH 
A mixture of anomers is formed. 


[2] Formation of N-glycosides (27.14B) 


CHOH СНОН CHOH 


O— Н вмњ on Н o- МНА 
H H H + KH H A 
я н mid He я um NY Two anomers are formed. 
OH OH OH он 


H 
OH OH 
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Chapter 27: Answers to Problems 


27.1  Aketose is a monosaccharide containing a ketone. An aldose is a monosaccharide containing an 
aldehyde. A monosaccharide is called: a triose if it has three C's; a tetrose if it has four C's; а 
pentose if it has five C's; a hexose if it has six C's, and so forth. 


СНОН T CHO 
pe H—C- OH | 
k ic b. an aldopentose H—C- OH amd 
a.aketotetrose |, & o, : p c. an aldotetrose H—C- OH 
CHOH vi CHOH 
А CH;OH 3 


27.2 Rotate and re-draw each molecule to place the horizontal bonds in front of the plane and the 
vertical bonds behind the plane. Then use a cross to represent the stereogenic center in a Fischer 
projection formula. 


coor COOH OHC. „СнСНз CHO CHO 
a. СНз C~ 0H = CH,—|-OH с. С _te-draw_ н-с=сњон = н—|-ењон 
СНСЊОНн CH2CH20H HOCH, H CH2CH3 CH2CH3 
S re-draw Eid сно н CHO CHO 
b. aC 0 > HO-6- - re-draw E 
ноу e СНз но— сн, d. нефсесно See -HO-6-CH, = HO—|-CH, 
ens д CH; Å H 


27.3 For each molecule: 
[1] Convert the Fischer projection formula to a representation with wedges and dashes. 
[2] Assign priorities (Section 5.6). 
[3] Determine R or S in the usual manner. Reverse the answer if priority group [4] is oriented 
forward (on a wedge). 


3 
CH;NH» [1] CH2NH2 [2] CH2NH3 [3] / & Y 


a. о cheer ==  CI- C-CH;Br 1 Cl- CACH;Br2 (1) с-6-сњв 2) 


H H A a. S configuration 
2 
" CHO [1] CHO 2 CHO [3] а, 
CI——H - сён 1 Ci-C-H4 —=—* [1] сбн Н forward 
СЊМН : = 
inia CH2NH2 SHaNHo а HNH% S configuration 
CHO 2 “ae 
ан И] Ри [2] ону [3] bi 
© ———-  Ql- C-H 4 Cl>C=H4 —— (1) ce 6-4 H forward 
CHOH CHOH CH,OH n S configuration 
3 
3 
ЕРЕ T соон | COOH 13] DN 
d. о сњвг —— Cl+C=CH,Br 1 а=б-снвг 2 ——— Cl+C=CH,Br{ 2) 


H H 


SË J7 S configuration 


AI 
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27.4 
CHO R 
Heco 5 
HO-C-H —R 
"o 
нес=он 
СНОН 
D-glucose 
27.5 
a. aldotetrose: 2 stereogenic centers b. a ketohexose: З stereogenic centers 
CHOH 
pe С=О 
њи н–С-он [* = stereogenic center] 
Mer H-C OH 
СНОН и 
CH,OH 


27.6 Ар sugar has the OH group on the stereogenic center farthest from the carbonyl on the right. 
An L sugar has the OH group on the stereogenic center farthest from the carbonyl on the left. 


CHO CHO CHO 
a H—— OH HO H HO H 
H—]—OH H—|—OH HO H 
HO H HOH—H н— Рон 
СНОН CHOH CHOH 
A B C 
OH group on the left: L sugar OH group on the left: L sugar OH group on the right: D sugar 


b. Aand B are diastereomers. 
A and C are enantiomers. 
B and C are diastereomers. 


27.7 The D- notation signifies the position of the OH group on the stereogenic carbon farthest from 
the carbonyl group, and does not correlate with dextrorotatory or levorotatory. The latter terms 
describe a physical phenomenon, the direction of rotation of plane-polarized light. 


27.8 There are 32 aldoheptoses; 16 are D sugars. 


C2 R ROME CHO CHO CHO 

C3 A Um OH H—— OH H—— OH H—— OH 
H-*1—OH H—]|— OH H——OH нон 
H—— OH | HO——H HO——H H——OH 
H—[-OH нон H——OH нон 
H——OH H—— OH H—]—OH H—— OH 
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27.9  Epimers are two diastereomers that differ in the configuration around only one stereogenic 


center. 
epimers 
CHO CHO CHO 
H—]-OH | HO H H——OH 
and 
H——OH H OH HO——H 
СНОН СНОН СНОН 
D-erythrose D-threose L-threose 


27.10 a. p-allose and L-allose: enantiomers 


b. D-altrose and D-gulose: diastereomers but not epimers 
c. D-galactose and D-talose: epimers 
d. D-mannose and D-fructose: constitutional isomers 
e. D-fructose and D-sorbose: diastereomers but not epimers 
f. L-sorbose and L-tagatose: epimers 
27.11 
CHOH CH;OH CHOH CHOH 
С=О С=О С=О С=О 
а. HO——H H—|—OH b. HO——H c. HO——H 
H——OH HO——H HO——H H—— OH 
H——OH HO——H H—— OH HO——H 
CHOH CHOH CHOH CHOH 
D-fructose L-fructose D-tagatose L-sorbose 
enantiomers 
27.12 
CHOH CHOH 
Б NS S\ <-0 
но——н нон 
H—[—OH HO—[—H 
H—[—OH H——OH 


СНОН CHOH 
D-fructose D-tagatose 
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27.13 Step [1]: Place the О atom in the upper right corner of a hexagon, and add the CH2OH group on 
the first carbon counterclockwise from the O atom. 
Step [2]: Place the anomeric carbon on the first carbon clockwise from the O atom. 
Step [3]: Add the substituents at the three remaining stereogenic centers, clockwise around the 


ring. 
CHOH 
CHOH CHOH 2 6 
a. Draw the а anomer of: | о 5 O_H з] v | 
CHO [1] 4 [2] H [3] H H 
OH HO en 
И OH OH 
H OH D sugar, СНОН а anomer First three substituents are 
H OH is drawn up. OH is down on the right so they are 
for a D sugar. drawn down. 
H OH-— farthest away C, 
CHOH OH оп right = D sugar 
b. Draw the a anomer of: H H 
OH 
CHO [1] О [2] О 
CHOH 
HO——H CHOH 2 
НО =н B H H 
нон L sugar, СНОН The a anomer The first two substituents are 
is drawn down. has the OH and on the left so they are 
HO——H СНОН trans. In drawn up. The third is on 
СНОН an L sugar, the the right, drawn down. 
farthest away C, OH must be drawn up. 
OH on left 
= Е sugar TT 
2 
c. Draw the В anomer of: CH20H ПА H O. OH 
[1] o. g ть з] KH 
CHO H H H OH 
HO——H H HO ^ 
ae? OH H 
Н D sugar, СНОН В anomer The first substituent is 
H—— OH is drawn up. OH is up for on the left so it is 
H—L—OH -— farthest away C, a D sugar. drawn up. The other two are on 


CHOH OH on right = D sugar the right, drawn down. 
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27.14 To convert each Haworth projection into its acyclic form: 
[1] Draw the C skeleton with the CHO on the top and the CH2OH on the bottom. 
[2] Draw in the OH group farthest from the C=O. 
A СЊОН group drawn up means a D sugar; а CH;OH group drawn down means ап L 
sugar. 
[3] Add the three other stereogenic centers, counterclockwise around the ring. 
“Up” groups go on the left, and “down” groups go on the right. 


Po СЊОН is up = 
UP nd СНОН =— р sugar 
on le CHO CHO CHO 
TOME UL T SR ОН шо m | B || 
a. d H H——OH 
H H —— —— H——OH 
OH OH — - | HO—-—H 
| —— H——OH ~ H—— OH 
"down" groups CHOH ОНОН СНОН 
on right OH on right = 
D sugar 
СЊОН is down = 
L sugar 
H CHO CHO CHO 
b [1] [2] [3] 
. —— —L— HO——H 
НО ОН Е ==. — _ H—-—OH 
Ш Гора C ЕЕ mm H—— OH 
down" groups 
on right "up" group EE НЕ ELLA EE ER 
on left СНОН CHOH CHOH 
OH on left = 
L sugar 


27.15 To convert a Haworth projection into a 3-D representation with a chair cyclohexane: 
[1] Draw the pyranose ring as a chair with the O as an “up” atom. 


[2] Add the substituents around the ring. 
O is an "up" atom. 


CHOH Ho OH 
HO о он [1] Q [2] Ho 
a H H VA ant i OH 
6 i "ud 
OH OH 
H O is an "up" atom. 
д CH "s H 1 With so many axial groups, 
b. H ^" OH [1 this is not the more stable 


conformation of this sugar. 


О 
НО OH M 
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27.16 Cyclization always forms a new stereogenic center at the anomeric carbon, so two different 
anomers are possible. 


Two anomers of D-erythrose: 


CHO 
H OH H О H H О ОН 
н—— он H H H H 
H OH H H 
D-erythrose 
27.17 
HO HO HO 
RE ноо СЊСЊОН_ но ноо ТР HO o 
HO OH зна HO Н HO OCH;CH; 
H OCH,CH3 H 
g-D-mannose 
OH „он OH „он 
О _СИзСН»ОН _ 
р. H ^ Hd OCH2CH3 
OH 
OH OH OH © осњењ OH 
a-D-gulose 
HCHO 
ce HC нон H Y cien 
ансо 
27.18 
T HOCH us 1+ T 
HOCH; 6 booa. 2 0 'OCH;CHs HOCH, 6 H . 
A ` H Я Н Н + њд: + нон + СНАСЊОН 
H H H H H 
OH OH OH OH OH OH 
| resonance-stabilized 
carbocation 
$ 
HOCH»? О H 
H 
H 


| 
| 
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HK СҮ, 
- 1+ H20: 
HÖ: НОСН; б о-н HOCH; о ОН _ 
Н H === Н НИ +н.0+ 
above H H H H 
H OH OH OH 
носњ о, y О 
H H 
H 
9n pi HOCH 
planar carbocation HO: e spes. Н Нера ИИ 
н н AL Н НИ + H30 
below H Он H Он 
Он НО ү ТМ OH НО " 
HO: 
27.19 
a. All circled O atoms are part of a glycoside. OH b. Hydrolysis of rebaudioside A breaks each bond 
indicated with a dashed line and forms four 
,'OH molecules of glucose and the aglycon drawn. 
OH 
rebaudioside A 
Trade name: Truvia 
+ Оң 
=o  aglycon 
но, HO 
Both anomers of glucose 
are formed, but only the В 
HO anomer is drawn. 
27.20 
OH „Он сно „ООН 
О Адго О 
& Ho OH сы сно OCH; 
OH CHjO 
H H 
OCH2CgHs 
OH OH Сана СЊО 
о Ман О 
b. HO OH C.H;CH.Cl CeH&CH;O OCH2CgHs 
OH СеНЬСН:О | 
H 


OCH4C,H 


CeH5CH50 OCH2C6H5 CgH&6CH;O 
C. О H3O* О 
CgH5CH50 OCH2CgHs CgH;CH2O 
CeHsCH20 | CeHsCH20 | 


5 
OH + aanomer + НОСЊСЕН5 
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OH OH OAc „ОАс 
О Ac;O О 
d. HO OH pyridine AcO OAc 
OH AcO 
H 
OH „Он о CeHsCOO _200GG He 
_ Gi OL рата“ 9 
е. но = OH ae аа СНСОО OOCC4Hs 
H сенњсоо | 
o СвН5СН>О OCH2CgHs 
f. i 
product in (c) + a xo sume О + а апотег 
NOM СоНБСН>О OCOC&Hs 
СвН5СН2О 
H 
27.21 
CH;OH СЊОН СНОН 
0 H—— OH HO——H 
HO——H NaBH, HO——H HO——H 
+ 
HO ——H CH40H HO ——H HO H 
H—— OH H—|—OH H—— OH 
CH20H СНОН СНОН 
D-tagatose D-galactitol D-talitol 
27.22 Carbohydrates containing a hemiacetal are in equilibrium with an acyclic aldehyde, making them 


reducing sugars. Glycosides are acetals, so they are not in equilibrium with any acyclic 


aldehyde, making them nonreducing sugars. 


hemiacetal hemiacetal acetal hemiacetal 
СНОН 
HO оо ЈУ је О H СНОН о H 
a. H C. H 
ÓH H ОСН»СНЗ А А 
9H OH oe HO Он HO OH 
а. зидаг reducing sugar nonreducing sugar lactose 


27.23 
CHO COOH 
a. HO——H Ago НОН с. 
H—— OH NH4OH H—— OH 
H—— OH H—— он 
CH2OH CH2OH 
CHO COOH 
p мн Bro HO——H 
H——OH H2O H—— OH 
H——OH H—— OH 
СНОН CH;OH 


reducing sugar 


CHO COOH 
HO——H HNO; HO——H 
H—— OH H;O H—— OH 
H—— OH H—— OH 
СНОН COOH 


725 


726 
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27.24 Molecules with a plane of symmetry are optically inactive. 


CHO 


CHOH 
D-erythrose 


COOH 
H—+—OH 
H—— OH 

COOH 


optically inactive 


CHO COOH 
HO ——H HO ——H 
HO H >  HO——H 
b. H—— OH H—— OH 
СНОН COOH 
D-lyxose optically active 
27.25 
CHO CHO 
HO——H H OH CHO 
нон or нон H——OH 
HO——H HO H HO——H 
H—— OH H OH H—— OH 
CH20H СН>ОН CHOH 
D-idose D-gulose D-xylose 
27.26 
bus CHO CHO 
HO H H—— OH 
1! Йй HO H + HO——H 
о H——oH | H—-—OH ^ 
СНОН 
CH20H СН>ОН 
D-threose 
CHO CHO 
CHO 
HO——H H——OH 
H OH 
E ОН H——OH  н——Он 
9 H—.—OH H—— OH 
H OH 
et H——OH H——OH 
CHOH CHOH 


D-ribose 


H OH 
CHOH 
D-galactose 


CHOH 
D-galactose 


COOH 
нон 
HO——H 
HO——H 
H—— OH 
COOH 


optically inactive 


CHO CHO 
HO——H H—— OH 
H—— OH H—— OH 
HO——H + HO——H 
HO——H HO——H 
H—— OH H—— OH 
CHOH CH2OH 
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27.27 
Possible optically inactive D-aldaric acids: 


CHO COOH COOH 
H—— OH H—|—OH | г H—— OH 
нон «< e planeof | | ug 
9 symmetry =? 


н— Гон 
СН>ОН COOH} COOH 
A' 


This OH is on the right for a D sugar. 


There are two possible structures for the p-aldopentose (A' and А"), and the Wohl degradation 
determines which structure corresponds to A. 


Product of Wohl degradation: ШӘ A. 


CHO 
H——OH CHO COOH COOH 
н——Он Wohl нон 10], H—— oH Ho--H МО] 
H——OH H——OH H——OH H——OH 
СНОН СНОН COOH COOH 
A optically inactive optically active 
Since |, compound has по plane of symmetry, its 
precursor is B, and thus А" = A. 
27.28 
CHO CHOH CHO 
HO——H HO——H HO——H 
H——OH H——OH rotate H——OH 
HO——H “7 нон јао нон D-idose 
H—1—OH H—1—OH H—— OH 
CHOH CHO CHOH 
| identical | 
27.29 
Optically inactive alditols formed from NaBH, reduction of a D-aldohexose. 
CHO СНОН CHOH CHO 
H——OH H——OH H——OH H——OH 
H——OH NaBH, H—— OH HO——H NaBH, HO——H 
H——OH - H—— OH HO——H == HO——H 
H——OH H——OH H——OH H——OH 
СНОН СНОН СНОН СНОН 
А' optically inactive optically inactive A" This is A. 
CHO This is B. CHO 
H—— OH CHO COOH COOH CHO H—1—OH 
H——OH Eam H——OH [ој H—— OH нон (ај нон HO——H 
Н— OH H OH qM HO ——H HO H HO ——H 
Н—— OH H OH H—1—OH H—— OH H OH Н— OH 
CHOH CHOH COOH COOH CHOH CHOH 
A' B' optically inactive optically active B" A" 
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Two p-aldohexoses (A' and А") give optically inactive alditols on reduction. А" is formed from B" by 
Kiliani-Fischer synthesis. Since B" affords an optically active aldaric acid on oxidation, B" is B and 


A" is A. The alternate possibility (A") is formed from an aldopentose B' that gives an optically inactive 
aldaric acid on oxidation. 


27.30 
OH OH OH 
Q 0: O+ 
OH OH + OH 
:0 Q + 
"HO OH Zu 
а НО " А 
нн, ПО О Он 
НО 
p-D-glucose 
zl OH., H Lm OH. 
above HO 3 HO OH 
em i HO 
Har p-D-glucose 
HO E 
OH * Но? 
planar carbocation но: 
below 
27.31 
OH 
О 
НОО " OH OH 
On нзо The same products are formed 
OH О о 
о HO + HO on hydrolysis of the o. and В 
о HO HO OH 
HO oH anomers of maltose. 
HO OH OH НО 
a-D-glucose B-D-glucose 
а anomer 
27.32 
В glycoside bond 


OH OH 
к | А О, он 
Наро Оро | 
OH OH 


cellobiose Two possible anomers here. В OH is drawn. 
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27.33 
Tm 9 
a. OH 4 HO -Q О 
4 \HO o E Ноно 1 Чехїгап 
o Оно HOG 
d HO 1 
6 
О 
пона 1 
нос 
6 
О 
Ноно 
HO 
27.34 
OH OH OH OH 
О О О 22 
О 
f Оно Оно Оно 
МНАс МНАс NHAc NHAc 
chitin—a polysaccharide composed of NAG units 
OH OH | OH OH 
A og eg «аА, о 
Н О О О o 
H HO HO HO 
ш мн; NH2 МН, мн; 
chitosan 
27.35 


=, 


ш NHCH, 
CHaNH | + HO 


mild H+ но, 


(нон. 
OH 
Сан _ HO О T H2O 
 midH* -— NHCeHg * 
OH 
OH H 


ОН нен, 


730 
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27.36 
OH .. OH OH OH 
О: О: + HO О о 
HO Я но HO © б 
т HO COH, HO А HO К 
OH + OH OH 
У нон, " 
О нб 
CH,CH,NH OH.. E xs и 
ЗУМА О: H20: HO : .. 
HO " 
above ü OH 
OH. 9 
но Q: 
8S t OH 
OH 
ре HO o x 
below НО HO е HgO* 
N HO ОН нсньсн 
+ 
CH3CH2NH52 NHCH;CH; |) 2 3 
{i 
H20: 
27.37 
О О 
М 
NH / NH 
i LA à A а 
HO- CH; N^ So HO- CH; N^ “мн, 
— Н 
Н 
OH OH OH 
27.38 


a. Two purine bases (A and G) are both bicyclic bases. Therefore they are too big to hydrogen 
bond to each other on the inside of the DNA double helix. 


b. Hydrogen bonding between guanine and cytosine has three hydrogen bonds, whereas between 
guanine and thymine there are only two. This makes hydrogen bonding between guanine and 
cytosine more favorable. 


H 
| 


„N О 
g^ Y, UU y" 

^ vU J nA n к | 

d Lob aset - 4 | КИ H 

H. N N ете M CN М И 


guanine guanine 
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27.39 Label the compounds with R or S and then classify. 


CHO H CHO H OH CHO 
н- он . CHSCH,-C4OH b. А b | 
a : А с. С d. Cv cH.cH 
ОНОН CHO H OH сњен/“ "CHO но” Ow СН 
А R R S S 
R identical identical enantiomer enantiomer 


27.40 Use the directions from Answer 27.2 to draw each Fischer projection. 


COOH 


- COOH 
aCH-6-B = он, 8 вг 
ü H 
Br CH 
T re-draw 3 РЊ 
b. E s cad: т He-C-:Br = H Br 
H Cl e 
ОСН: OCHs 


сњо OCH;CH; 


~ = 
СНз СН»СНз OCH;CHs 
а " 
a: мың EI. ohoho = онон 
снзсн УП PAM ile 


Br 


СНз 


: CH; 
e. i gi = HS! в 
ссн с\® =н 
CH,CH; CH2CHs; 
| 
H CI se ar 
| d redraw Br-C-H _ Bra[ H 
py VH 7 сс авг 
CI Br H H 
СНз H CH; СНз 
\ АВГ redraw 4645,  H-St pg 
лС=——С. == = | = 
HA N Вг» СН Br-S-u 
Br CH3 l 
СНз CH3 
CHO CHO 
HOH H он re-draw_HO=Ĉ-H HOH 
һ.НО У „~ Ho-C-H 7 нон 
c CHO i R 
нан H=C=OH нон 
ČHOH CHOH 


27.41 Epimers are two diastereomers that differ in the configuration around only one stereogenic 


center. 
CHO CHO 
H—— OH H OH 
HO ——H HO H 
H- OH HO H 
Са онон CHOH 
D-xylose L-arabinose 
27.42 
CHO CHO CHO 
HO H H—— OH HO ——H 
а: ион нон b. Ho——H 
H—-—OH HO——H os Hon 
CHOH CHOH CHOH 
D-arabinose enantiomer epimer 


CHO 
OH O 
à OH HO OH 
HO H d. d 
H—1—OH OH 
CHOH 


diastereomer 
(but not epimer) 


constitutional 
isomer 
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27.43 
CHO CHO CHO CHOH 
HO——H HO——H H—— OH С=О 
н——Он H—+-OH нон нон 
H—— OH H—+-OH нон нон 
H—— он HO——H H——OH нон 
СНОН CHOH CHOH CHOH 
A B [e D 


а. А апа В epimers 
р. А апа С diastereomers 


c. B and С enantiomers 
d. Aand D constitutional isomers 
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CH,OH 
| но ОН 

H O. OH нб 

Н OH k 

М HO OH 
ÓH H 

OH H F 

E 


е. Е апа Е diastereomers 


27.44 
а. anomers, ерітегѕ, diastereomers, reducing sugars 
b. 
H Он i 
OH H H H H OH 2, . 
OH H OH H HO H This is the acyclic form of 
OH both A and B. 
н “о Он OH H—— OH 
H Он 
A B СНОН 
D-xylose 
27.45 Use the directions from Answer 27.13. 
CHOH CHOH CHOH 
а. p-D-talopyranose [1] О [2] о Он зо о OH 
CHO H OH 1 
LL. H H 
HO——H Ü 
HO——H D sugar, СН,ОН В anomer 
HO——H is drawn up. OH is up for 
a D sugar. 
H——OH ~— farthest away С, 
CHOH OH on right = D sugar 
D-talose 
CHOH CHOH 
b. B-D-mannopyranose CGU 2 B об £ T 
її д e a A jap НЛ 
CHO Нн OH 
HO ——H H OH 
н н 
HO—]—H D sugar, СН>ОН p anomer 
H—— OH is drawn up. OH is up for 
a D sugar. 
Н— ОН — farthest away C, 


CHOH OH оп right = D sugar 
D-mannose 
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CHOH CHOH CHOH 
c. a-D-galactopyranose o он о он 
[1] [2] [3] 
CHO H H Ha H 
ТИШ Он H у быш 
HO——H D sugar, СН>ОН а anomer 
HO——H is drawn up. OH is down. 
H—1—OH -— farthest away C, 
CHOH OH оп right = D sugar 
D-galactose 
HOH H 
сњон, CHOH H С A cd 
d. o-D-ribofuranose [1] Б. 7 [2] pp 
H H OH H OH 
То апотег Он BH 
H—— OH D sugar, СНОН т 
H—— OH is drawn up. OMIS down 
НГ ОН .— farthest away C, 
СНОН OH on right = D sugar 
D-ribose 
CHOH CHOH 
e. a-D-tagatofuranose CHOH o CHOH OH o. OH 
[1] [2] [3] ej 
CHOH 
H H OH H OH 
С=О H H 
HO ——H D sugar, CHOH а anomer 
HO——H is drawn up. OH is down. 
H—— OH -— farthest away C, 
CHOH OH оп right = D sugar 
D-tagatose 
27.46 
CHO 
a 
HO——H РЕ PES 
О Hoz D sugar ноон -— P sugar 
HO—|—H HO 
-O -O 
HO——H HO HO OH 
es a апотег OH В апотег 
CH,OH 


farthest away C, 
OH on right = D sugar 


CHO 
OH=—D sugar -— D sugar 
b. H—+-OH Шу но?" g 
NU о [e 
E _ OH idi 
OH ~ OH OH OH 
H——OH~— а апотег В апотег 
СНОН 


farthest away C, 
OH on right = D sugar 
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OH-— D sugar OH -— D sugar 
9 нон НОТ он НО [но 
AM -O -O 
i "i CU 
BUE OH OH OH 
нон а апотег В апотег 
СНОН 
farthest away C, 
OH on right = D sugar 
27.47 Use the directions from Answer 27.14. 
"up" CH5OH is up = 
up" group 2 
on left СНОН -— D sugar [1] CHO [2] CHO [3] CHO 
& — OH о OH === = H—— OH 
| —— —1— HO——H 
H H —— —— HO——H 
OH «— "down" group TT H—)— OH =— нон 
m. on right CH;OH СНОН СНОН 
ир" group 
on left OH on right = 
CH5OH is down = D sugar 
"up" group L sugar 
on left [1] CHO [2] CHO [3] CHO 
— OH == HO——H 
b. —h H—}—OH 
H OH —L HO——H 
OH = —HO——H HO——H 
| Ж CHOH CHOH CHOH 
up" group 
"down" group on left OH on left = 
on right L sugar 
CHOH is up = 
OH CHOH = D sugar 
т Т о он [i] CHO рр CHO ig CHO 
-Q H HO——H 
c. HO OH = А ОН 
= H—— OH 
OH e B нон 
on H —— H—— OH- H—— OH 
CHOH CHOH СНОН 
OH on right = 


D sugar 
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CHO 
OH H—— OH 
О —— CHO 
а HO OH H OH S 
ou 9H f. HO = = 
H—1— OH HO = OH H = HO H 
CHOH HO OH OH H OH 
m СНОН 
р ѕидаг CH,OH H OH 2 
е. HOCH, g OH C=O 
H——OH 
H CHOH H—— OH 
OH 
B H—]—OH 
CHOH 
27.48 
CHO 
HO——H а. CHOH он CHOH H b. 
H OH H H 
H_oHO Н оно о О 
H OH н D 
H OH OH H OH OH 
CHOH OH H он H OH H OH H 
D-arabinose В апотег а anomer two anomers in the pyranose form 
27.49 


Two anomers of D-idose, as well as two conformations of each anomer: 


OH о ~— equatorial СНОН group OH 
H 


О axial 
а anomer HO О opH 
OH OH HO 
4 axial substituents 4 equatorial OH groups 
More stable conformation for the а. anomer—the 
СЊОН is axial, but all other groups are equatorial. 
OH equatorial CHOH grou OH axial 
OH OH q 291 group 2 OH | 
-О OH axial 
p anomer HO О a 
OH HO 
3 axial substituents 3 equatorial OH groups 


The more stable conformation for the В anomer—the 
СЊОН is axial, as is the anomeric OH, but three 
other OH groups are equatorial. 
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27.50 
CHO ооң, CeHsCOO оссе. 
a. СНз, AgzO e f. CeHsCOCI, pyridine 
a Пын c,Hcoo 9 6066; 
m Bo: 3 COCeHs 
OH OH | ОСНз осн 
о b. сн.он,на О g. The product in (a), then Н.О+ o. 
s Ho) + Вапотег + В anomer 
OH OH HO ОСН; СНзО 
C4H,CH,O CH,O OH 


D-gulose ; T 
с. CeHsCH;CI, Ag;O ves h. The product in (b), then Ac;O, pyridine OAc OAc + В апотег 
О 
| OCH;CeHs 


CgH5CH2O 
| pr CH2CeHs OAc ОСН: 
OH i. The product in (g), then CgHsCH2Cl, Ад20 
9 ОО: 206и 
d. СеНСН»ОН, НСІ + В anomer Ó + В anomer 
HO 


OH OCH;CeHs 


CH4O 
OAC . А CH30 OCH2C6H5 
OAc j. The product in (d), then СНУ, Ад20 
Р о 
е. Ac5O, pyridine 
2 CHO осн, 
OAc О 
ОАс ОАс + В апотег 
СНзО 
СНО OCH2C¢H; 
27.51 
OH COOH 
a. СН»ОН, НСІ 
3 c on d. Bro, H2O HO——H 
+ Вапотег H—L—OH 
GHO он OCH, H——OH 
HO——H H—— OH 
H—1—OH b. (CH3);CHOH, НС! Bt CHsOH 
ERN + р anomer 
H—— OH е. HNO3, H2O HO——H 
СНОН OH OCH(CH3)o H—— OH 
D-altrose H—— OH 
c. NaBH,, CHOH en 
—r—H Н— OH 
H—— OH COOH 
H—— OH 
H—]— OH 
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CHO НИТ 
f. [1] NH2OH H—— OH h. CHal, Ад; Och, 
[2] (CH3CO)20, NaOCOCHs Н— OH СНО 7 
[3] NaOCH3 н— он + В апотег 
онон осн; OCH; 
| Ба ОА 
CHO CHO i. Ас2О, pyridine Оле n 
_|_ = AcO - + Вапотег 
g. [1]Nacn, Hc; НОН РН | 
[2] Hə, Pdasg, НОН а | OAc OAc 
[3] Н40" H—-— OH H—1— OH 
H—— Он H—— OH 1. CeH&CHoNH», mild H+ PH 
H——OH нон Tt -O 
CHOH CHOH + Banomer 
OH | NHCH;C;Hs 
27.52 
a. CHOH, HCI H 
CHONG f. [1] NH2OH ОНО 
ОШ Н [2] (CH3CO);0, NaococH, НОН 
H J OCh [3] NaOCH, H—— OH 
H + В anomer CHOH 
b. (CH3)2CHOH, HCI CHO CHO 
BHO СНОН o H 9. [1] NaCN, HCI HO H H—— OH 
dl son OH H [2] Ho, F d-BaS0, H—— OH H—— OH 
H = OcH(cHg, _ 31180 нон + HO—-H 
HO—|—H H OH —— OH 
H OH + В anomer 
mer CHOH CHOH CHOH 
D-xylose C. NaBH,, CH30H H—— OH 
у но——н h. СНЫ, Аф0 CH,OCH, 
H——OH = y 
СНОН OCH, 
OCH; 
+ В anomer 
COOH idine ©НгОАс, 
d. Bra, Н>О КАМЕ? i. ACO, pyridine 
Е ЕА ey OAc 
H—+—OH OAc 
CHOH + В апотег 
COOH j. СеНСН,МН,, mild H+ СН2ОН о 
е. HNOs, H2O H—— OH 
КОН Sy LNHCH2CoHs 
H——OH + В anomer 
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21.53 
OH 


H30* 


monosaccharide 
(both anomers) 


aglycon 


solanine monosaccharide OH 
HO ou (both anomers) 
OH HO, „О HO. б 
+ 
HO "он но ~~ “OH 
OH OH 
monosaccharide monosaccharide 
(both anomers) (both anomers) 
27.54 
CHO GHO 
H——OH CHO HO——H 
HO——H HO——H HO——H 
H—— OH H—— OH H—— OH 
H—— OH H—— OH H—— OH 
CHOH CHOH CHOH 
D-glucose D-arabinose D-mannose 
27.55 
CHO CHO CHO CHO 
CHO но——н H—— OH CHo HOTS ae 
а нон нон + нон ee ee ШӨН 
нон нон нон пос Я nr veles sg 
CHOH CHOH CHOH POSTEN HOSTE. HOTH 
H—]—OH H—|—OH H—— OH 
CHo che CH;OH CHOH CH2OH 
CHO HO——H H—— OH 
b. HO——H HO——H + HO H 
HO—|—H HO——H HO H 
H—— OH H——OH H—— OH 
CH,OH СНОН CH,OH 
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27.56 
CHOH CH3CHel 
dus о 30H но 9 осн. —— 2> сњоно о 
HO OH на НО з ло  CHsCH2O ОСН. 
OH ОН = OCH;CHs 
+ а anomer + а anomer + а апотег 
CHO CHOH CH2OCH3 
H—— OH H—— OH H—|— OCH; 
b. gt. NaBH но ни “OMS! ou Ен 
H——OH CHOH H—+—OH AgO  H—— OCH; 
H—— OH H—— OH H—— OCH; 
CHOH CHOH CH;OCHs 
CHO COOH COOH 
c. нон H—— OH H—— OAc 
нон Be нон _А®%© дон 
H OH H20 Н— ОН pyridine H—— OAc 
H—— OH H—— OH H—— OAc 
CHOH CHOH СЊ;ОАс 
27.57 Molecules with a plane of symmetry are optically inactive. 
CHO СНОН CHO СНОН 
H—— OH H—+—OH H—— OH нон 
Мавн Мавн 
н——он ct нон м -4e——— 
H—|-OH CHOH нон H—]—OH СНзон H——OH 
CH;OH CH;OH CHOH CHOH 
D-ribose D-xylose 
27.58 
OH OH OH 
О [e [e 
HO Но" Но HO + CHOH 
а. OCH, : он + | 
он он он 
ОН OH OH ОН 
[^s och осна 
р. 
OH OCH;CHs OH OH OH 
HOCH» NHCH;CH HOCH» OH HOCH; 
à — TUE 0" аә, " L + NH2CH;CHs 
OH OH OH OH он оф" 
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27.59 
OH OH OH OH 
HO O HO 2 HO HO 
OH OH OH ' OH 
T vae бн resonance-stabilized carbocation 
нон, Коа. 
ОН ОН ОН 
О 
HO HO + H- 
OH он], о H-QHe 
29-н OH 
H-OH Ha, 
н-Он 
27.60 
Р Lait 
ОНУ —:B (any base :OH 
oft ue B: NN 
T Ci Е CeHg О о СвНЕ О о + HB* 
oe Gzy CHAGH HO HO 
и 98 Сене (HG 2-0 но OCH, HO OCH, 
HO OCH; OH OH 
OH 
+ 
сон 
n 
СеН5 О сене О CeHs Q 
Hdo О нб 9 HO О 
( HO OCH HO OCH; HO OCH; 
т OH OH OH 
(any base) TMO: 


Сењ“ Хо 
О О + HB* 
HO on OCH 3 
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27.63 
| 
CHO он с 
H—— OH Сс-он 
HO——H HO H 
H——OH HO H—— OH 
H——OH H—— OH 
CHOH CHOH 
D-glucose Protonation of this 


enolate can occur 
from two directions. 


- Ines 
two protonation 
products m СНО 
HO H 
HO H 
H OH 
H OH 
CH,OH 
H H 
q OB м ISP 
m c © uat 
HO H HO——H 
H——OH нон " 7 
H—— OH H—— OH 
CHOH CHOH 
pad + ЊО 


Deprotonation о the ОН at C2 
of the enediol forms a new 
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CHOH 


Protonation on O 
forms an enediol. 


H—— OH 
CHOH 


enediol 
A 


enolate that goes on to 
form the ketohexose. 


27.64 


Two D-aldopentoses (A' and A") yield optically active aldaric acids when oxidized. 
Optically active D-aldaric acids: 


CHO COOH 
HO——H HO—.—H 
нон: КЇ, он 
H—— OH H——OH 
CH;OH COOH 


optically active 


COOH CHO 
HO——H HO H 
HO н -OL bo H 

H—— OH H—— OH 

COOH CHOH 

optically active A" 


D-lyxose 
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H 
HO e | CHO COOH COOH CHO 
И e Wohl H—-—oOH [O] н——он HO——H [O] HO н Мон 
= ЗН H——OH H——OH H——OH H—— OH 
СНОН COOH COOH CHOH 
CHOH . 
A optically no plane of 
inactive symmetry 
optically active 


Only A" undergoes Wohl degradation to an aldotetrose that is oxidized to an optically active aldaric 
acid, so А" is the structure of the p-aldopentose in question. 


27.65 
CHO CH20H CHOH CHO 
HO—T—H HO——H HO——H HO——H 
H—[-OH = ————. H——OH HO H = HO H 
H—— OH H—— OH H——OH H——OH 
СНОН CROM P СНОН CHOH 
D-arabinose identical D-lyxose 
(by rotating 180°) 
27.66 
Only two D-aldopentoses (A' and А") yield optically inactive aldaric acids (B' and В"). 
CHO COOH CHO 
H——OH H—|—OH нон 
нон | [Ol нә——н— 10] нон 
H—— OH H—|—OH H—|—OH 
СНОН COOH CHOH 
A' В" А" 
optically inactive optically inactive 


Product of Kiliani-Fischer synthesis: 


CHO CHO CHO 
H HO——H H—— OH н— он 
H AOAR MTOR EF Но ен 
H HO——H HO——H H—— oH 
H—]— OH H—— OH CH,OH 
CHOH CHOH 4 
c" О" А 
[О] jio] 
COOH COOH 
HO——H H——OH 
plane of | H—L—OH НН нон нон 
symmetry н——он H—— OH HO ——H HO——H 
H—— OH H——OH H——OH H——OH 
COOH COOH COOH COOH 
optically optically optically optically 


inactive active active active 
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Only A' fits the criteria. Kiliani-Fischer synthesis of A' forms C' and D' which are oxidized to one 
optically active and one optically inactive aldaric acid. A similar procedure with А!" forms two optically 
active aldaric acids. Thus, the structures of A-D correspond to the structures of A'-D'. 


27.67 


27.68 
D-gulose 
CHO 


Only two D-aldopentoses (A' and A") are reduced to optically active alditols. 


COOH 
optically 
active 


CHOH 
H—— OH 
H—— OH 

HO——H 
H——OH 
CH OH 
B 


СНОН 
optically 


active 


СНОН 


optically 
active 


Product of Kiliani-Fischer synthesis: 


CHO 
HO——H 
, HO-—H 
H——OH 
H——OH 
СНОН 
с 
[el 
COOH 
HO——H 
HO——H 
H—— OH 
H——OH 
COOH 
optically 
active 


COOH 
optically 
active 


COOH 
optically 
inactive 
Only А" fits the criteria. Kiliani—Fischer synthesis of A" forms B" and С", which are oxidized to one 
optically inactive and one optically active diacid. A similar procedure with A' forms two optically 


active diacids. Thus, the structures of АС correspond to А"-С". 
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27.69 А disaccharide formed from two galactose units in a 1 —4-f.-glycosidic linkage: 


P glycoside bond 


HO _он 
о | 
ш о он 
on 9 on 
HO 


27.70 А disaccharide formed from two mannose units in a 1—>4-a-glycosidic linkage: 
a glycoside bond 


HO— Ho 
y 
HO 
HO. OH 
Оо О 


Н 
27.71 
OH он OH OCH; OCH; OCH 
a. OH OCH 
HO HO CH;O 3 
OH OH AJO Chs осн, 2799 OCH, 
A 
Но" 
ОСН | 3 
5 ов осн; 
(Both anomers of Band Care — c OH Et m 
i 3 3 
formed, but only one is drawn.) OCH; OCH, 
B + С + CH30H 
OH oH OCHs осн, 


б О OCH; OCH, HO OCH, 
‚ Ei Re E 
OH СНО СНзО 
HO Ад;О OCH CHO 
в go E " Е + СНОН 
3 
о (Both anomers of E and F are 


H D OCHs formed, but only one is drawn.) 
27.72 
OH он В glycoside uo OH он 
4 

О | [e о 
а а 1 ОХА, он wee glycoside bond 

OH HO 6 

OH HO О / о 
b. 1+4-B-glycoside bond HO Де 1+6-a-glycoside bond 
HO 

с. reducing sugar 


reducing sugar 
(hemiacetal) 


OH 


(hemiacetal) 
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27.73 
CH,OH 
О О 
a and b. OH -—— 1>6-a-glycoside bond 
O-CH5 
OH [^ О I 
-—— n e -a-glycoside bond = о 
HO, 
stachyose 
= 1-2-o-glycoside bond HO 
HOCH, к. n 
к Но 2 
СНОН 
OH 
CHOH CHOH CHOH 
Кон o5 2 а он 2 6 2 D HOCH, cr OH 
+ + + 
° С» > ral н A CH;OH 
on OH он OH О 
ОН ОН OH 
| identical 


Two anomers of each monosaccharide are formed, 
but only one anomer is drawn. 


d. Stachyose is not a reducing sugar since it contains no hemiacetal. 


product 
In (e) H,0* 


! ‘OCH3 
OCH, 
CH,OH CH,OH 
О о 
OH - OCH; OH 
ocu, CMO OCH, 


Two anomers of each monosaccharide are formed. 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 747 


Carbohydrates 27—33 


27.74 
ОН 
О E 
HO z Isomaltose must be composed of two glucose units 
HO isomaltose + :o'anomer in an a-glycosidic linkage. Since it is a reducing sugar 
OH it contains a hemiacetal. The free OH groups in the 
О hydrolysis products show where the two 
monosaccharides are joined. 
HO О 
НО OH-— the hemiacetal 
OH 
[1] CH3I, Ад20 
[2] Н40" 
ETÀ SA ui e (Both anomers are present.) 
CH3O CH3O 
27.75 
OH OCH3 
но О CH4O О OCH; 
HO сна СНО Кош О 
он} e^ сно | 5 
trehalose | OH s OCH; џ снам 
ОН OCH3 
о OH о ОСН; (both anomers) 
HO СНО 


Trehalose must be composed of D-glucose units only, joined in an a-glycosidic linkage. Since trehalose 
is nonreducing it contains no hemiacetal. Since there is only one product formed after methylation and 
hydrolysis, the two anomeric C's must be joined. 


27.76 
о 
НО СН2ОН g 
а НО 1 
НМ |~—— о H HO 
О 6 C H 
O NHCH2C6H5 
HO OH 
H 
B NH3 о 
~ 
D 
OH | A 
O HO-CH 
но — НЕ 
| | OH OH Н 
ОН ОН 


таппозе glucose 
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27.77 
Ignoring stereochemistry along the way: А:- 


ОН „=ч, 
[1] 


О; 


749 


Carbohydrates 27-35 


27.78 The hydrolysis data suggest that the trisaccharide has D-galactose on one end and D-fructose on 
the other. p-Galactose must be joined to its adjacent sugar by а p-glycosidic linkage. D-Fructose 
must be joined to its adjacent sugar by an o-glycosidic linkage. 


ii S" CHO осн; 
Кя СН ея 
си СНА 3 СНО + О СНО 
АдљО СНзО 
ponen SD 
CH4O x, Oci 
pra H3O* СНзО 
Hydrolysis cleaves all B. 
por (Hy | | 
> anomèrs indicated with arrows.) 
СНО 
СНО OCH; 3 CHO — OCH; 
9 " сњо 
СНО H30 
CH30 


2,3,4,6-tetra-O-methyl- 2,3,4-tri-O-methyl-D-glucose 1,3,6-tri-O-methyl-D-fructose 
D-galactose 


(Both anomers of each compound are formed.) 
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% Synthesis of amino acids (28.2) 


[1] From a-halo carboxylic acids by Sy2 reaction 


R-CHCOOH NH - 
Br (large excess) 
Sn2 


NH2 


R-CHCOO NH, + 


Amino Acids and Proteins 28-1 


NH,* Br- 
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[2] By alkylation of diethyl acetamidomalonate 


H 
9. H | [1] NaOEt А . Р ; 

C-N-Ç-COOEt HəN-Ç-COOH * Alkylation works best with unhindered 

СНз сооп АХ H alkyl halides—that is, CH3X and 
[3] НзО*, А ВСНХ 
[3] Strecker synthesis 

NH,Cl Nie H,0* We 

pO ———— R-C-cN — ~~ R-C-COOH 
NaCN н H 


a-amino nitrile 


+ Preparation of optically active amino acids 


[1] Resolution of enantiomers by forming diastereomers (28.3A) 


Convert a racemic mixture of amino acids into a racemic mixture of N-acetyl amino acids [(S)- 


and (R)-CH3CONHCH(R)COOH |. 
React the enantiomers with a chiral amine to form a mixture of diastereomers. 
Separate the diastereomers. 


Regenerate the amino acids by protonation of the carboxylate salt and hydrolysis of the N-acetyl 


group. 


[2] Kinetic resolution using enzymes (28.3B) 


enantiomers 


Hae, „СООН (CH4CO);0 
4- 
HR 

(S)-isomer 

НМ. „СООН 
| (CH3CO);0 
RH 

(R)-isomer 


АСМН 


AcNH o 
l- 
R 


enant 


COOH 
4- 
H 


R 


„СООН 


H 


iomers 


NO REACTION 


acylase НМ. СООН 
4- 
HR — 
(S)-isomer 
А separate 
АсМН.__ „СООН 
acylase C | 
Әеуазѕе РЕ 
RH 
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[3] By enantioselective hydrogenation (28.4) 


R МАС н, AcNH. COOH ЊО, Он нм. „СООН 


Jet Rh* 4 Д2 
H COOH H CH;R H CH;R 
S enantiomer S amino acid 


Rh' - chiral Rh hydrogenation catalyst 


+ Summary of methods used for peptide sequencing (28.6) 


* Complete hydrolysis of all amide bonds in a peptide gives the identity and amount of the 
individual amino acids. 

* Edman degradation identifies the N-terminal amino acid. Repeated Edman degradations can be 
used to sequence a peptide from the N-terminal end. 

* Cleavage with carboxypeptidase identifies the C-terminal amino acid. 

• Partial hydrolysis of a peptide forms smaller fragments that can be sequenced. Amino acid 
sequences common to smaller fragments can be used to determine the sequence of the complete 
peptide. 

* Selective cleavage of a peptide occurs with trypsin and chymotrypsin to identify the location of 
specific amino acids (Table 28.2). 


* Adding and removing protecting groups for amino acids (28.7) 


[1] Protection of an amino group as a Boc derivative 


R H R H 
\: СНз) СОСО],О w 
Н.м “сон (CH3CHp)3N Boc-N^ "COH 


[2] Deprotection of a Boc-protected amino acid 


R H 

Y CF4CO;H RP 
NOU or „С 

Вос- COH сногогнвг нм“ ^^ COH 


[3] Protection of an amino group as an Етос derivative 


R О RH 
3 à Na;CO; Y ds 
H ме o ОН T [> сно“ СІ H5O Fmoc-N~ зе“ 


I 
О 
Fmoc—Cl 
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[4] Deprotection of an Fmoc-protected amino acid 


О 9 о 
| 
[од pon 
нм. “он CHOH, Н" НӘ. oou. | нм. „Соң Сеньснгон, Ht PN o oce cots 
tS HR fi HR 
methyl ester benzyl ester 
[6] Deprotection of an ester group 
О i 2 О 
С E НМ. LC. HN. C H20, OH || 
ME осн, Но” ~ d: OH : C^ "OCH;CeHs -< HN, Non 
HR НВ НЯ Hə, РЕС dR 
methyl ester benzyl ester 
* Synthesis of dipeptides (28.7) 
[1] Amide formation with DCC 
R 
b г Нм i DCC \ H 
^C... OH 2*9e ~ СМ C 
zr ab NU О. Boc-N^ ^67 yd "OCH;CeHs 
о НА О H R 


[2] Four steps are needed to synthesize a dipeptide: 


a. Protect the amino group of one amino acid using a Boc or Fmoc group. 
b. Protect the carboxy group of the second amino acid using an ester. 


c. Form the amide bond with DCC. 


d. Remove both protecting groups in one or two reactions. 


+ Summary of the Merrifield method of peptide synthesis (28.8) 


Remove the Fmoc protecting group. 


Repeat steps [2] and [3]. 


[ 

[2 
[3 
[4 
[5 


CPI i 


Remove the protecting group and detach the peptide from the polymer. 


1] Attach an Fmoc-protected amino acid to a polymer derived from polystyrene. 


Form the amide bond with a second Fmoc-protected amino acid using DCC. 


754 Study Guide/Solutions Manual to accompany: Organic Chemistry, 3rd Edition 


Chapter 28-4 


Chapter 28: Answers to Problems 


28.1 
H CH; О CH; H О H СНз О СНз H о 
a eee IS С. X RC. R C. 
5 он R `OH 5 OH О СОН 
НОН HN H H NH» Н NH, 
L-isoleucine 
28.2 
a. NHs* b. NH3* с. d. NHs* 
| - 
! М 
H H T `H H 


28.3 In an amino acid, the electron-withdrawing carboxy group destabilizes the ammonium ion 
(-NH;*), making it more readily donate a proton; that is, it makes it a stronger acid. Also, the 
electron-withdrawing carboxy group removes electron density from the amino group (-NH2) of 
the conjugate base, making it a weaker base than a 1? amine, which has no electron-withdrawing 


group. 


28.4 The most direct way to synthesize ап а-апипо acid is by S42 reaction of an a-halo carboxylic 
acid with a large excess of NH,. 


а. Br-CH—COOH ЫН» HəN-CH—COO-NH,* €. Br-CH-COOH NHs  . H»N—CH-COO- NH,* 
4 large excess 4 | CH, large excess CH; 
glycine 
NH3 Е 
b. Br-CH-COOH | нм—сн-соот NH,* 
arge excess 
CH-CHs 3 CH-CHs phenylalanine 
сн» сн» 
CH3 CHa 
isoleucine 
28.5 
CH3 
СНУ | : CH(CH3)CH5CHs3 
= CH3CH5CH(CH3)Br | : | 
а. Нәм С СООН аапте C. 3CH2CH(CHa) - HN 6- COOH isoleucine 
H 
H 


p, (CH3)2CHCH;CI в 


> HN Ç COOH leucine 
H 
28.6 
H 
Q н [1] NaOEt CH,OH 
RG BODEI HaN—C—-COOH 
СНз COOEt [2] CH2-O i 
[3] НзО*, А 


serine 
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28.7 
О О О 
а. HəN-CHCOOH — б b. Ном CHCOOH — б с. Н>М-СНСООН = c 
CH-CH, _ (CHgoCH^ ^H CH, (CH3)2CHCH,~ ^H CH; СеНСН:“ ^H 
| 
СНз CH- CH; 
valine СНз 
leucine 
phenylalanine 
28.8 
a. BrCH,cooH — М3 NH4CH4COO- NH;* c. CHgCHsCH(CH,)CHO II NH4CI, NaCN | HjN-CHCOOH 
large excess [2] H4O* CH(CH3)CH;CH; 
H H H 
| [1] NaOEt | H [1] NaOEt l 
b. CH3CONH Ç COOEt > НМ C COOH d. CH4CONH-C- COOEt = HoN-C-COOH 
[3] НзО*, A [3] НзО*, A 


28.9 А chiral amine must be used to resolve а racemic mixture of amino acids. 


CH, H 
а. CeHsCHCH;NH> b. po с. bi d. 
achiral CH3CHS “мн, 
achiral chiral 


(can be used) 


chiral 
(can be used) 


28.10 
МН. „СООН МН. _ „СООН 
= * ie enantiomers 
н Снсн(снз) (CH3)2CHCH; Н 
То Бедт: 5 В 
Convert the amino acids into N-acetyl Ас;О 
amino acids (two enantiomers). 
Асмн___СООН АСМН.___„СООН 
{& т {- епапїїотег< 
н Сн,сн(снз) (CH3)2CHCH, Н 
5 В 
Step [1]: HN, c^ es 
React both enantiomers with the proton transfer 4- (R isomer only) 
R isomer of the chiral amine. CH; H 
REN а HoN. Cols AcNH.. -COO™ HoN. Cols 
d CH5CH(CH3), CH, H Heno H ed H diastereomers 
5 В В В 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 
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Step [2]: separate 
Separate the diastereomers. | | 
АсМН. „соо“ Нам _ „Сен - HN. Сн 
c 2 3 X 675 AcNH, „СОО 3 x 615 
2 p 4 2 
Н СН,СН(СНз) CH, Н (СНз)>СНСНЬ Н СНз Н 
S R R R 
Step [3]: H20, TOH H2O, -OH 
Regenerate the amino acid 
by hydrolysis of the amide. NH. „СООН мн. COOH Н.М. „Сене 
y С 
{, Е Г. 
н СН>СН(СН.)> | |(CH3)&CHCH; Н CH3H 
(S)-leucine (А) еисте The chiral amine is 


The amino acids are now separated. ) 


also regenerated. 


28.11 
Н,М. „СООН H 
T" nee [1] (CHyCO),0 B: CH... N. COOH 
М—С— > ~ " = 
[2] асуазе H CH;CH(CH О 
СН»СН(СН.)› 2CH(CHa)2 (CHg)>CHCH, Н 
(mixture of enantiomers) (S)-leucine N-acetyl-(R)-leucine 
28.12 
H NHAc (СНз)>СН Анас Н>МСОСН» МНАс 
а. нм-снсоон => `с=с b. HN-CHCOOH => C=C, c. HaN-CHCOOH == C=C 
/ 
Сн» H соон CH; н соон CH; H  COOH 
CPC CH 
СНз CONH; 
28.13 Draw the peptide by joining adjacent COOH and NH, groups in amide bonds. 
amide 
о о снб, н 
| | ~ || А 
—CH-C- = " < -— C-terminal 
а. H,N-CH-C-OH H;N-CH-C-OH ase ен 
CH-CHs CH2 E || 4- 
СНз CH2 N-terminal НЕОН 
Val COOH Val-Glu 
Glu | 
amide 
О О О (СНз)»СНСОН; 
Д Il Д Нн О H 
p. HaN-CH-C-OH ^ H,N-CH-C-OH H;N-CH—C-OH - W | 9f U 
H CH; CH» њм "ec Noe OH 
Gly CH- CH; А п d Н П ~ | 
“мн i / O H бн, O C-terminal 
Т8, CH3 N-terminal amide 
His keu Gly-His-Leu © NH 
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0 2 0 0 
c. HaN-CH-C-OH H;N-CH-C-OH H,N-CH-C-OH H;N-CH-C-OH " 
CH2 CH; CH-OH CH-OH 
CH»SCH3 CH, бн, 
CH2SCH3 amide—_ CH; amide 
бн CHOH 
2 H H о 
МЕ ДК А 
N-terminal —— Нм” "Br а "NS “Ge 2 он“ C-terminal 
о. HOCH. О H HOH 
| 
CH3 
M-A-T-T 
28.14 
—N 
сомн, HN. 4 
О Ee О о CHH о 
а ом oe og он b. HN, toe -C~ o- ~ SOH 
z 1 p H T 4 
H CH; о нң CH(CH; i cH о: die 
| | 
ӨН» сн CH 
CH» — Arg-Asn-Val CH2 CONH, 
NH R-N-V т 
c | Lys-His-GlIn 
HN “мн, NH3 


K-H-Q 


28.15 There are six different tripeptides that can be formed from three amino acids (A, B, C): A-B-C, 
А-С-В, B-A-C, В-С-А, C-A-B, and C-B-A. 


28.16 The s-trans conformation has the two C's oriented on opposite sides of the C-N bond. 
The s-cis conformation has the two C's oriented on the same side of the C—N bond. 


о uh О 
х / 
HjN. _ „С „С „ОН HN, „С, LH 
2 bd N с 2 C N 
HH H О HH 2С. „ОН 
НГ ~C 
H u 
s-trans О 
S-cis 
28.17 
H О М О 
HN N 
ALA NA Кон 
: Н Н 


о о e 
wor leu-enkephalin 
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28.18 


| 
НО М 
HS TN У, 
О АД о H Ó 
a. HNN N 
H 
COOH i О ° 1 | 1 
HNO м ДД, 
: М ОН 
glutathione | 


HS 
О H О 
| uk The peptide bond beween glutamic acid and its adjacent 
Нм ^N N он amino acid (cysteine) is formed from the COOH in the R 
OU | Ó group of glutamic acid, not the о COOH. 


а СООН This comes from the amino acid glutamic acid. 


нм. < «_| This carboxy group is used to form the amide bond in the peptide, not the a 
EU SE OH COOH, as is usual. That's what makes glutathione's structure unusual. 


COOH 


glutamic acid 


О О 
СН Сен 
в ee: | 6 mE 
a. 3 д 
An An 


s^ М s/N 


28.19 


from Ala from Val 


28.20 Determine the sequence of the octapeptide as in Sample Problem 28.2. Look for overlapping 
sequences in the fragments. 


common amino acids 


Аа-Геи-Туг | 
Tyr-Leu+Val-Cys 
Val-Cys4Gly-Glu 


Answer: 


Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu 


28.21 Trypsin cleaves peptides at amide bonds with a carbonyl group from Arg and Lys. 
Chymotrypsin cleaves at amide bonds with a carbonyl group from Phe, Tyr, and Trp. 


Phe + Tyr + Gly-Cys-Arg-Ser 
3] Thr-Pro-Lys-Glu-His-Gly-Phe + Cys—Trp +  Val-Val-Phe 


а. [1] Gly-Ala-Phe-Leu-Lys + Ala 

[2] Phe-Tyr-Gly-Cys-Arg + Ser 

[3] Thr-Pro-Lys +  Glu-His-Gly-Phe-Cys-Trp- Val-Val-Phe 
b. [ 

[ 

[ 


] 
3] 
1] Gly—Ala-Phe + Leu—Lys—Ala 
2] 

] 
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28.22 
Edman degradation gives N-terminal 
amino acid: ——-Leu-  —- —- ~ ~ -~ 
Carboxypeptidase identifies the C-terminal 
amino acid: C—-leuc - - - -  -Glu 


Partial hydrolysis 
common amino acids 


} 
Ala-Ser-Arg 


Gly4Ala-Ser 


| 
Gly-Ala-Ser-Arg 


Leu-Gly-Ala-Ser-Arg- — -Glu 
or 


Leu-  —Gly-Ala-Ser-Arg-Glu 


Cleavage by trypsin is after Arg and yields a 
dipeptide; therefore, this must be the peptide: ———- Leu-Gly-Ala-Ser-Arg-Phe-Glu 


28.23 
a. О О 
ш ко; Нм „С, CeHSCHEOHLH* нм. 6. 
ТТР Е [(CHs)sCOCO},0 JG. он £ T OCH;C6Hs5 
2 i (CH&CH3)N Boe- N UE н Сн(снз) н Снүснз) 
О О 
Leu Val 
new amide bond 
(СНз)2СНСНЬ H 9 (CH3);/CHCH5 H о 
С ным „С. DCC Nc үн а 
Boc-N ~g-OĦ + 2 "E OCH2C6H5 — ne ^C och, 
| z | 2 
| HBr, СНАСООН 
(СНз)>СНСНЬ H о 
4 H j 
С М С 


НМ“ ^C^ ~C~ ^он |Leu—Val 


760 


Chapter 28—10 


СН; Н 
b. он 
Нм с^ 


Ala 


T 
с нм. _ „С. 
+? p: OCH;C6H5 


[(CHg)sCOCO},0 он С 
i (СНзСН>)зМ 


CgHsCH2OH, Н+ 
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О О 

СНз H d + И 
is H No pon Сен СЊОН, H НМ С 

s О Dese ООО, 


нс d CH(CH3)CH;CH; 


(A) 9 Ile 


H CH(CH)CH;CHs 


= H Ё = 
707 iod “OCHsCgHs 


2 i 2 
О н CH(CH,)CH,CH, О н CH(CHjCH;CHs 


о 


нәм 2С. 
2 C^ ~OCH2CgHs 


new amide bond 
CH3 H 
H T 
Boc-N^ 
H 


HBr 


DCC MES GT. 
СНСООН 


п 4S g-OCH2C Hs 


~ ^N. 7 

т Е H [ 

о и: 9 
CH(CH3)CH;CH; 


Ala-Ile-Gly 


= | 
оно 
Н  CH(CH3)CH;CHs 
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О О 
CH; H сна H о CgHsCH,OH, Н+ T 
EE НЕ HN egg чышкыны. вне 
„С „Он [(CH3)sCOCO],0 „Ом „он "E Е ore” 
нм ^C Boc-N^ ^C Ji t 


PR 6 (СНСН2)зМ (5) m Gly H 


new amide bond 


СНз H 
^j. g Y. A, d 
= I ~ 
(A)*(B) —2©© GIN. OG. = Boc-N^ 707 ^C^ СОН 
Boc—N C C OCH;CgH, РС H i 4- 
H Ü i O HH 
| (С) 
С 
CH3 H CH3 H 
4 - " 4 : 
26 CgHsCH2OH, Н 
HN он Iu њм с2ОСНгСеНь 
| 
Аа O 
CH; H new eR bond 
+ № осњеш Bee a, A {5 н, 
НМ ава SL Nutt „б UO. Os ==" 
2 c воб мчс“ kd ^N C^ 2065 рас 
О Н И 4. H | 
о нн О 
СН H о CHs H 
Boc-N^ ^c^ о ^N^ Kcd 
4 {& H I 
new amide bond АЙА 
сн Ра "E 
DCC <: | ы Д 
+ — ACY UND UC. „СМ С HBr 
2) Bes ar i b & OCH2C6Hs “CH COOH 
о HH O HH 
CH3 H о CH H o 
UU M = 
HN "C^ рес ^N^ а TOV `OH 
|І г H Д 4- 
O HH O HH 


Ala-Gly-Ala-Gly 
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28.24 


All Fmoc-protected amino acids are made by the following general reaction: 


RH R H 
\ OH Fmoc-Cl + OH 
N^ MA NT 
Ho Л Ма2СОз, НО Fmoc " e 
o Ó 
The steps: H H H H 
P \_ [1] базе X 
Fmoc-N^ `7 [2] СІ-СН,-РОГҮМЕЋ Fmoc-N^ Sp а 
I 
o Ó 
Ue 
Hu © 
— C 
[2] DCC | Fmoc мс “Он 
н CH(CH3)CH?CHs 
он DON H O Б 
Fmoc-N ^^ g^ Мо СУС 20 Нг POLYMER H Fmoc-N. „С „С _-O-CH,-POLYMER 
н т г н i [2] DCC с СС 
o / а О + (> Н О 
CH(CH3)CH5CHs (сн.),снсн, н Н CH(CH3)CH;CHs 
<: 
С 
[1] Fmoc—N~ xg 0H 
Y N H | 
н свн 
[2] DCC € 
Fmoc-N^ ~ “он 
I 
О "С 
СНз)>СНСН N (СНз)>СНСН» 
( С NY & dH B о \ о HH 
Fmoc-N. С V H С + 2| НЕ H2N C G H 2 у OH 
ЈЕ а ом“ No 7 CH2 -POLYMER А OW с Spr "NT 7 
> | Е ! = = 
н СН о d О н Chs О TE o 
Н CH(CH3)CH2CHs CH(CH3)CH2CH3 


Ala—Leu-Ile—Gly 
+ F—CH2-POLYMER 


28.25 Antiparallel p-pleated sheets are more stable then parallel B-pleated sheets because of geometry. 
The М-Н and C=O of one chain are directly aligned with the М-Н and C=O of an adjacent chain 
in the antiparallel B-pleated sheet, whereas they are not in the parallel B-pleated sheet. This 
makes the latter set of hydrogen bonds weaker. 
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28.26 Ina parallel -pleated sheet, the strands run in the same direction from the N- to C-terminal 
amino acid. In an antiparallel -pleated sheet, the strands run in the opposite direction. 


оон, он su RC Ж 
7 зем 2С. 3 HO, Род Pd N ds N 
H C c^ g^ e ON „ОН c N бег ом № pes ^H 
| © 7 
HoH О dos d O нон о Hom H 
Нн с CHH H осн п о C5H н осњн 
„М С С N | -NS pom „С М C Ve 
H ^o^ ^N^ "c^ ~ As H £ м ^c^ ^e a ~ он 
4^ H n t г Ц 4, Н n 
H CH, о dcn, Ò H CHa о H CH О 
parallel antiparallel 
28.27 
a. Ser and Tyr b. Val and Leu c. 2 Phe residues 
H;N-OH-GDDH. 1м Ch COOH HsN-CH-COOH  HoN-CH-COOH HpN—CH-COOH HjN-CH-COOH 
| | 
ЁН» ЕН» сн-сњ CH, 


OH 


CH2 СН» 
l 
CH3 CH—CHg 
СНз 
side chains with 


OH side chains with only 
groups OH C-C and C-H bonds 


hydrogen bonding van der Waals forces 


van der Waals forces 


28.28 а. The R group for glycine is a hydrogen. The R groups must be small to allow the B-pleated 
sheets to stack on top of each other. With large R groups, steric hindrance prevents stacking. 
b. Silk fibers are water insoluble because most of the polar functional groups are in the interior of 
the stacked sheets. The f-pleated sheets are stacked one on top of another so few polar 
functional groups are available for hydrogen bonding to water. 
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28.29 АП L-amino acids except cysteine have the S configuration. L-Cysteine has the А configuration 
because the R group contains a sulfur atom, which has higher priority. 


The S atom gives the R group 
a higher priority than COOH, 
resulting in the А configuration. 


(2) We We 


НЗСН ~ Coon 


2 
7na 
| | 


With all other R groups, the COOH has а higher 
priority than R, giving it the S configuration. 


28.30 
В COOH COOH 
а: < S є: b. СООН Coon 
Номт С-Н He C-NH2 НМ” CH HoN CH 
СНз C2 8H СНзт C SH СНз C^S S=C=CH, 
CHs CHs бн» бн» 


(R)-penicillamine 


(S)-penicillamine 


28.31 Amino acids are insoluble in diethyl ether because amino acids are highly polar; they exist as 
salts in their neutral form. Diethyl ether is weakly polar, so amino acids are not soluble in it. 
N-Acetyl amino acids are soluble because they are polar but not salts. 


пы 


С 
R7 ^ coo- 


amino acid, a salt 
НО soluble and ether insoluble 


NHCOCH, 


oe 
Af “СООН 


N-acetyl amino acid 
ether soluble 


28.32 The electron pair on the N atom not part of a double bond is delocalized on the five-membered 


ring, making it less basic. 


H;N-CH-COOH 
CHs 


er 


— 


HəN-CH-COOH 


CH2 


3 
sp 
d 
Ait 
—/ 


Бы 


hybridized М atom 


When this N is protonated... 


...the ring is no longer aromatic. 


HoN—CH-COOH 


CH 
| НА 


Мон mS 
| раї 


HoN-CH-COOH 


HoN—CH-COOH 


CH, CH; 
ow e fs 6 x electrons 
N—/ N 


2 


+ 
н H 


When this N is protonated... 


...the ring is still aromatic. 
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28.33 
HaN—CH-COOH HaN—CH-COOH 
CH2 CH2 
The ring structure on tryptophan is aromatic since 
2 4 each atom contains а p orbital. Protonation of the М 
HN Нм atom would disrupt the aromaticity, making this а 
Н less favorable reaction. 


no p orbital on N 
This electron pair is delocalized on the bicyclic ring 


system (giving it 10 x electrons), making it less 
available for donation, and thus less basic. 


28.34 Atits isoelectric point, each amino acid is neutral. 


a coo- b. coo- с. СОО- d. соот 
+ | t| t| | 
HaN-C—-H HaN-C-H HsN-C-H HN-C-H > 
СНз CH;CH,SCH; CHCOOH CH2CH2CH2CH2NH3 
alanine methionine aspartic acid lysine 


28.35 
а. [1] glutamic acid: use the pKa’s 2.10 + 4.07 
[2] lysine: use the pK;'s 8.95 + 10.53 
[3] arginine: use the pK,’s 9.04 + 12.48 


b. In general, the p/ of an acidic amino acid is lower than that of a neutral amino acid. 
c. In general, the p/ of a basic amino acid is higher than that of a neutral amino acid. 


28.36 


a. threonine 


pl = 5.06 
(+1) charge at pH = 1 


+ 
нам—сн—соон 


b. methionine 


pI = 5.74 


(+1) charge at pH = 1 


" 
HaN- CH-COOH 


c. aspartic acid 


pl = 2.98 


(+1) charge at pH = 1 


ч 
HaN—CH-COOH 


d. arginine 
р/= 5.41 
(+2) charge at pH = 1 


+ 
HaN-CH—COCH 


CH- OH СН» CH» CH2 
CHs CH2 COOH CH; 
; on 
CH; NH 
| + 
С=МНЬ 
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28.37 
a. valine b. proline c. glutamic acid d. lysine 
pl = 6.00 pl = 6.30 pl = 3.08 pl =9.74 
(71) charge (71) charge (-2) charge (-1) charge 
at pH = 11 at pH = 11 at pH = 11 at pH = 11 
HəN-ÇH-COO- COO H,N-CH—COO" HoN—CH-COO" 
CH-CH3 CH3 Сн» 
| | | 
СН: HN сн, CH; 
COO- CH 
сн» 
NH3 


28.38 The terminal NH? and COOH groups are ionizable functional groups, so they can gain ог lose 
protons in aqueous solution. 


О 


а.  H,N-CH-C- OH p. 9H G Cha. H 
CH; нме "cow Ue" A-A-A 
Ala оны" o 
bAtpH=1 MEH | 0 CH, H 
„ое рет tg OH 
о H CH, Ó 


c. The pK, of the COOH of the tripeptide is higher than the pK; of the COOH group of alanine, 
making it less acidic. This occurs because ће COOH group in the tripeptide is farther away 
from the -NH;' group. The positively charged -NH;' group stabilizes the negatively charged 
carboxylate anion of alanine more than the carboxylate anion of the tripeptide because it is so 
much closer in alanine. The opposite effect is observed with the ionization of the —МНу' group. 
In alanine, the —МНз is closer to the СОО” group, so it is more difficult to lose a proton, 
resulting in a higher pKa. In the tripeptide, the —МНз is farther away from the COO , so it is less 
affected by its presence. 
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H 
а. CHOH, H* | Снгон(сна)е 
CL 
НМ“ “COOCH; 
H ү РЕН 
„С 
НМ ^COOH T 


b. СНзСОС, pyridine 


leucine - ong ^w Se 9 


C. CgHsCH,OH, н" H pHeCH(CHs)2 


H 
d. Ас, pyridine £ pH2CH(CHa)2 


^C. 
AcNH^ СООН 


HCI (1 equiv) H gracie 


+ 
Нам” “COOH 


H Снесн(сна): 


f. NaOH (1 едим) 
Cy i 
HN COO 


H GH2CH(CH)2 


Кел 
HoN COOCH2C6H5 
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9. СН-СОСІ, pyridine С 
аё гребен +. Сане“ N с 


H СЊСН(СН 
h. (СНазсосођо d 
(СНАСН;)аМ 


а Boc-N^ “COOH 


i. The product in (d), then 


H CHsCH(CH 
NH,CH,COOCH, + DCC р СОН» 


pe 

AcNH 7 c^ c СООСНз 
п су 
O HH 


j. The product in (h), then МНСНСООСНа + DCC 
H preCti(CHs)e 
Ju 


Boc-N^ га dd 
И E 
о HH 


Н CH;CH(CH 
к. Fmoc-—Cl, Na2CO3, 0 _ z АМА 


Род 
а COOH 


О 
Сен. 
М 
pr СНСН(СНз) 
М 


S H 


|. CgH;N=C=S 
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28.40 
H CH,C;H 
H CH;C;H ка O до 
а. сњон, Ht fo g. C&H4COCI, pyridine y d M 
њм“ ^7 COOCH Сен” dni 
H Онгон 3 H || 
H j^ “COOH o H prece 
2 | CHCOClI, pyridine ok Е.А OH h. [(CHg)sCOCO},0 _ H pce 
phenylalanine - N^ с^ (CH3CH3)sN C 
О Boc-N^ ~COOH 
H 
H | | 
C. C,H&CH;OH, H* prece s i. The product in (d), then 
eo ё. NH,CH,COOCH, + DCC н CH;C4Hs 
Нм“ ~ ~COOCH2CgHs EF a 
E. 
mr о 
I = 
о HH 
- H CH,CeHs ; 
d. Ас2О, pyridine ЯГ; j. The product іп (h), then МН>СН-СООСНз + DCC 
ZG. н СНСвН5 
AcNH^ ^"COOH VW à 
„С 
Boc-N ee 
А 
O HH 
Н CH;CeHs 
е. НСІ (1 equiv) " pieCeHs к. Fmoc-Cl, Ма›СОз, НО d 
m Fmoc-N^ “COOH 
нам“ “соон 
f. NaOH (1 equiv) H CHCH; |. Сена М=С=5 m О 
ЕВ. zy 2 —— 6 cee 
"Tm СНА 
COO у pu 
H 
28.41 
NH 
а. (СНА СНСНСНСООН 3 (CHJ;CHCH;CHCOO"NH,* + NH,'Br 
excess + NH; 
[1] NaOEt NH; 
b. СНАСОМНСН(СООЕ ae - но— )-6H,-CHco0H 
t-o-( сн 
CH; 
[3] НзО*, A 
О L ee NH; 
AS PS [1] NH,Cl, NaCN pores 
H N [2] н.о: HOOC NH, 
А i 
d [1] NH4CI, NaCN А coon 
СНзО CHO "puo HO 
NH, 
CH,CH;CH;CH;NH 
[1] NaOEt [T Uum 


е. CH4CONHCH(COOEt) 


[2] CICH;CH;CH;,CHSNHAc 
[3] НзО*, A 


> HoN—-C- COOH 


| 
H 
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28.42 
.А . Hi ‚Т 
а. Азп о b. His о с. Trp о 
HaN- CH-C-OH HaN-CH-C-OH uS HaN-CH-C-OH СН,Вг 
СН, CHeBr СН» 2Dr CH; P 
б=о — C=O => УЯ NH —- > 
uH NH, 2 “мн E. 27 НМ 
= 
d N= HN 
28.43 
он 
Н 
E Н coog, 11308 CHCH; 
MON HəN—C-COOH 
CH; — Goog [2] CH;CHO = 
[3] НзО*, А | 
threonine 
28.44 
Го CrO; + - 
а. CH&CHO BrCH;,CHO BrCH,COOH H3NCH,COO 
CHCOOH H2S04, НгО Bue glycine 
о [1] NH4Cl, NaCN NH2 
b. С = CH3—C—COOH 
сн ^H [2] H30* ü 
alanine 
28.45 
О 
О 
СН»(СООЕфь Br—CH(COOEt), N—CH(COOEt)? 
CH4COOH А 
a [1] NaOEt 
[2] CICH,CH,SCH, 
О 
" [1] NaOH, HO Е 
| а А 
HN-C-COOH —— N—C-COOEt 
CH CHSCH 2139 A CH2CH2SCH; 


D Я C 
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28.46 
“А 
:OEt 
9 H e a [1] 
C—-N-C-COOEt 
CH3 СООЕ! ЧОН! 
28.47 


Step [1]: 
React both enantiomers with the 
R isomer of the chiral amine. 


О 


Hi Rc 5 
‘o-N-C-CooEt + EtOH 
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о COOEt 
‘C-N-C-COOEt 


| 
CH, CooE: CH3 СН;-СНСООЕ! 
ace 
+ 
|a 
HpN—CHCOOH H,0+ о, COOEt 
CH 7 C-N-C-COOEt 
CH;COOH СНз CH,CH,COOEt 
glutamic acid 
+ H20 
CH. „-COOH CHa, COOH 
4- 4- enantiomers 
H OH HO H 
R S 
НМ. „СвН5 
proton transfer С А 
4. (R isomer only) 
CH,H 
+ + 
СНз. „СООТ Нзм.. СвН5 Сна. C00 Нам. “Сене 
eiu d м diastereomers 
3 H 3 
R S R 


С 
45 
н OH 
R 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 


Step [2]: 
Separate the diastereomers. 


separate 


| 


| 


+ + 
СНз sg 99 HsN.. Cells CH3 ар Нам So Gels 
45 4- 4- 4- 
H OH CH3H HO H CH3H 
R R 5 В 
НзО* H3O* 
Step [3]: 
Regenerate lactic acid ај 
by protonation. СНз aaron СНз o4 ERE А Нам c^ Gels 
45 45 4- 
H OH HO H CHH 
R $ The chiral amine is 


also regenerated as 
an ammonium salt. 
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28.48 
H CH3 CH3 H 
мну “соон ным соон enantiomers 
5 В 
То Бедт: 
Convert the amino acids into amino CH30H, H* 
acid esters (two enantiomers). 
H CH3 СНз H 
©. Ы © enantiomers 
Нм” `СООСНз НМ” ~COOCH3 
Step [1]: H OH TD 
React both enantiomers with the proton transfer = (R)-mandelic acid 
Risomer of mandelic acid. Сене СООН 
H OH н CH3 HOH CH н 
© «d ©. А 
Сене ^COO- н.м“С-соосн. | Сене“ с0о- HN оооон, diastereomers 
R $ В 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 


Step [2]: separate 
Separate the diastereomers. | 


H OH H СНа H OH СНз н 
-T A Я) р 
2С. = tC. 2С. Е +С. 
СН“ COO" Нам“ `СООСН» Сена “COO” Нам ^COOCHs 
R S R R 
Step [3]: H20, “OH H20, "OH 
Regenerate the amino acids 
by hydrolysis of the esters. 
H Сн СНз H + H OH 
> р „С. 
нм С-соон HAN соон ои 
5 The chiral acid is 
regenerated. 
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28.49 
NH. „СООН NH2. „СООН 
re T 1: enantiomers 
H CHsCgHs СеН5СН,Н 
To begin: S R 
Convert the amino acids into N-acetyl Ac;O 
amino acids (two enantiomers). 
AcNH. „СООН AcNH., „СООН 
4. * С enantiomers 
н СН.СоНь CeH5CH, H 
S R 
Step [1]: proton transfer one 
React both enantiomers with the . 
R isomer of the chiral amine. СНзО brucine 


AcNH...|., COO" 


MET СНзО e CH4O 
( CcHsCHS Н 
PED CH4O 6115 R CH4O 


diastereomers 


Step [2]: | separate 
Separate the diastereomers. | | 


AcNH „СОО AcNH.. , COO 
45 t 
H CH2C6H5 СвНСН»Н 
S R 
Step [3]: H20, ТОН H20, ТОН 
Regenerate the amino acid 
by hydrolysis of the amide. NH2. «СООН NH COOH 
45 p 
Н CH2C6H5 CgHsCH» H 
(S)-phenylalanine (R)-phenylalanine 


The amino acids are now separated. ) The chiral amine is 


also regenerated. 
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28.50 
NH3 
| АсО НМ. _ „СООН АСМН_ „СООН 
а. (CHa)CH—CH-COOH == а acylase 2 с " C 
racemic mixture н Сн(снз), Н СН(СН;)г 
CH3CONH н, -он HoN, „СООН 
NHCOCH 2 
b. = ° chiral ЊО НИ 'CH,CH,CH,CH,NH, 
ish Rh catalyst (S)-isomer 
COOH 
E НМ. _ „СООН 
с. < Мне н, -OH * уз | 
" chiral H2O И ou „197506 
Rh catalyst 
å / 
N 
H 
28.51 
HO COOH 
CH3O us COOH Н, wo w strong E 
№ „сна chiral H N, „СНз acid H NH, 
d то Rh catalyst L H Y i 
О 5 
сну ^O А сна“ “О L-dopa 
28.52 
СеН5СН H о HoNCH;CH5CH5CH5 H О 
| мс Ы т NE 
нм“ ~C~ ^C^ “он H,N^ "C^ ^C^ ^он 
п 4 п 4- 
о н сн, H H 
Phe-Ala Lys-Gly 
: H i 3 H ! 
GN. = 5 
НМ“ 767 уг ^он нмесе стон 
= | e 
О H CH, О І CH; 
CH,CONH; R-H Zum 
Gly-Gin _ 
М 
28.53 Amide bonds are bold lines (not wedges). 
C-terminal 
1 HSCH о C-terminal 
Ml Ch y O (Hu Jj [2] (CHg)4CH о 
“5 H i EON us HO2CCH» H fe) H i 
ATUM ^N. peru ~g? >Ç OH 4 = H ! I N АН 
нм СС ^C УЕ POS n Ns бА cu s e тс OH 
Л КЕ Н о H CHOH Нәм“ СС y M т Е 
CH;CH;CONH» он: O H CH2C6H,0H 
CH2CH2CHNHC(NH)NH3 


N-terminal ; 
Ala-GIn-Cys-Ser а 


Asp-Arg-Val-Tyr 
A-Q-C-S p А 


D-R-V-Y 
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28.54 Name a peptide from the N-terminal to the C-terminal end. 


CH4COOH C-terminal HH о N-terminal 
H H СН, Н 4; j 27 
а Мон 2 АН p. НООС. МС“ Ме 
H ids eMe Spe че“ ey | H =‘ 
à п d Нн П H CH» О H Сн» 
Е: Он B CH» 
COOH | 
CH»  Ala-Gly-Arg 
Gly-Asp-Glu NH A-G-R 
G-D-E C, 
HN NH2 


28.55 A peptide С-М bond is stronger than an ester C—O bond because the С-М bond has more double 


bond character due to resonance. Since N is more basic than O, an amide С-М bond is more 
stabilized by delocalization of the lone pair on N. 


:0: 
УД РА C Structure B contributes greatly to the resonance hybrid and 
R “Мн, R^ QM this shortens and strengthens the C-N bond. 
A 


о СНз H 
| SI | 
eer о eee E d 
н CHH О H оњ e. _OH 
s-trans s-cis "cu, i 
28.57 
a. A-P-F + L-K-W + S-G-R-G 
b. A-P-F-L-K + W-S-G-R + а 
c. A-P-F-L-K-W-S-G-R + а 
d. A + P-F-L-K-W-S-G-R-G 
28.58 
common amino acids 
a. Gly-/Ala | Answer: 


Ala+His 


—— Gly-Ala-His-Tyr 


His-Tyr 
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common amino acids 


| 


b. Lys4His 
HistGly-Glu 
Gly—Glu+Phe 


| Answer: 


Lys-His-Gly-Glu-Phe 


28.59 


common amino acids 


Arg-Arg1Val | Answer: 
үаі-Туг | 


ITyr-IIle—His —— Arg-Arg-Val-Tyr-Ile-His-Pro-Phe 


Ile—His4Pro-Phe 


28.60 Gly is the N-terminal amino acid (from Edman degradation), and Leu is the C-terminal amino 
acid (from treatment with carboxypeptidase). Partial hydrolysis gives the rest of the sequence. 


common amino acids 


| Answer: 
Gly—Ala+Phe-His 
Phe-HistTle —— Gly-Gly-Ala-Phe-His-Ile-His-Leu 
Tle-+-His—Leu 


28.61 Edman degradation data give the N-terminal amino acid for the octapeptide and all smaller 


peptides. 
A B 
© A pw A ~ А: Glu-Arg-Val-Tyr 
: | B: Ile—Leu—His—Phe 
octapeptide ————~ | Glu-ArgsVal-Tyr-Ile-Leu-His-Phe С: Glu-Arg 
cleavage with cleavage with Post 
trypsin chymotrypsin | carboxypeptidase 


Glu-Arg-Val-Tyr-Ile-Leu-His + Phe 


28.62 A and B can react to form an amide, or two molecules of B can form an amide. 


H H о H H (CH3)eCH, H 
NS || DCC S H о Е NS H 9 
„Са „ОН H М од с UN > 
и С m С OH Boc=N С NM i an Pee ee 
- 4- || A 
О н CH(CH3)e Он CH(CH3 О | CH(CHs)> 
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28.63 
О О 
C нәм „С 
а. HN, o” `он CH30H, Н 2 3 «осн, 
45, = 
H CH(CH3)2 H CH(CH3)e 
0 © 
D. HN C C; H5CH2OH, H+ HN C 
“эстон ее 7 “OCH CeHs 
н CH;CH(CH3); н CH,CH(CH3)> 
О 
СНз)зСОСО];О 
с. мн,сн,соон _СНЗз®ОбОЬ Boc-N.. к 
(CH3CHa)sN Ё 
HH 
О Н CHCH(CH3)2 
5 А DCC H И ЖА 
d. product т (b) + product in (с) Boc—N. c. C. С. o OC Hz CeHs 
4- H Ш 
HH о 
T T. " | 
А C. Ho N C. 
e (CHg)s CO Мс OCH2C,H; (CH3)sCO —. < Ed OH + CgHsCHs 
: 4- Pd-C | 4- 
O  H€H(CH3» O  H CH(CHg; 
О 
f. starting material in (е) EBD Нм C. 
CHCOOH 4 
Н CH(CH3)2 
0 
СЕзСООН 
9. product in (e) 3 HN, „Сон 
4- 
H CH(CH3)2 
О n 
Na2CO3 
h. C~ oH + Fmoc-Cl C~ oH 
z H20 z 
НМ Н HN H 
Fmoc 
28.64 
o О 
AP [(CHg)sCOCO},0 ET. HN. “Сон _СвНеСНгОН, Н" ња. 26 
а. “ „Он C OH = Я 
НМ ^C (СНзСН>)зМ №564 2 4. 
MEE zs №. H сн, HCH, 
в g* | o^ 
HH 
\: H = 
(АЈ +(в) e P у! HBr До 
Boc-N^ 707 707 ^OCH,CgHs A 67 p > 
= CHgCOOH и 4A 
O нењ O H Ch 
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СвН5 СН T Т 
H || 
"hag [(CHs),COCOLO , СНС Н о а ш, Ж D acca 
uc “о (CH3CH3)sN Вовк Sg 9H 42 ie oe 
| H Т Н СНСН(СНз) H CH?CH(CH3); 
О 
^ a ^ 
СвНБСН» H о 
4 H | НВг Сена СН> Н 
* DCC yen МАЁ i oH i 
(A) Boc N С И OCH2C6H5 CHCOOH Hn о ео 
О н снснснь, от Č 
O н CH2CH(CH3)> 
Phe-Leu 
СНз СНз О О 
Р енен H [(CHg)sCOCO],0 нү. H Н.М. m СеНБСНгОН, Н" нм. С 
| : ee ee : р pot “с^ "OCH;C;H 
ным c9" (CHaCHa)sN Boc-N ^ c^" 4- 4- -~ 
i H i H CH3 H CH3 
Ile (A) Ala 
СНз СНз 
СЊСЊСН H 
(А) + DCC КЕ H H2 SHOHE H H | 
Boc-N^ Dos 727 ^OCcH,QH, РС Bases s ge PU 
о. "o È 
С Н CH3 
СвН5СН jm 
CgH4CH 
d E. Сенсн» H ELE H A {н 
H му он C6H5CH2OH, Н bo ОСЊСАН bx N С С ОСН,СН 
В о ЕР HoN "c^ 2СвН5 Boc—N C^ МЕ ^N^ “с^ 2~6:'5 
6 1 DCC H I а Н Д 
Рће 9 9 нён 
НВг 
CH4COOH 
н» 
снзсњСн н Севен. 
b m X OH 
HNI a out coe - oe ый 
| l- H | 
н CH; 


Ile-Ala-Phe 
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28.65 Make all the Fmoc derivatives as described in Problem 28.24. 


Сен СН> H СвНёСНь Н 
a \: [1] base Я 
` ИА a ^C... 0- CH;-POLYMER 
тав [2] CI- CH; - POLYMER Fmoc-N^ ^C 2 
о [e 
(Fmoc-Phe) [1] © | 
N 
H H b 
=N, pox 
[2] DCC с” Сон 
н СН>СёНь 
Baie (Fmoc-Phe) 
(СНЗ)>СНСНЬ H E E. ы [1] я 
X N c 3 N Fmoc N c E 
—М ~ ЧУСУ С 20-CHS-POLYMER „С EL ^C... 0- CHe -POLYMER 
Fmoc ir С ја N C 2 О] DCC + [d ^N C 2 
О иенен. О (снуәснон„ H Н CH,C&Hs 
pe 
1 @ Fmoc—N Seren 
[1] H M 
N О 
Н (Fmoc-Leu) 
[2] DCC СН H 
+ ~ a 
Fmoc—N~ ~C~ 
О (Fmoc-Ala) @ O 
(CHa)2CHCH}2 CoHsCH, и” (C H9; CHCH; CgHsCHp 
Е о Ay о AF Е” НМ Ё a qo X 
een wee M. LO nO o^ 07 CHa- POLYMER бе ИН. pA "we OA „ОН 
4- H И 4- H 1 TH I = 
С = H CH 1- H || 
H оз О Hu. O з О d ouo 


Ala-Leu-Phe-Phe 
+ Е—СН»-РОГҮМЕН 
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Ca СНз 
СНзСЊСН H СНэСНьСн H 
b. NE [1] base Е 
Fmoc-M^ 707 [2]CI-CH,-POLYMER ^ Fmoc-N^ se Ct POLYMER 
б j 
(Fmoc-Ile) [1] 
N 
H О 
N С 
[2] DCC Fmoc—N, o” ~OH 
4- 
CH 
n. i» F А ш. 
H CH3CH2CH [1] С] CH4CH4CH ( moc a) 
V О N H N О \ H 
Me ere d А Fmoc-N. d C. _О-СН,-РОЁЕУМЕВ 
Fmoc—N TER | ^N ма ОНә-РОГҮМЕН осо + ү ^M ^c^ 2 
= i 2 j 
O нењ О HH н CH; О 
26 
[1] © Fmoc—N oe 
N 
Н сењсњ н (Fmoc-Gly) 
4 - 
[2] DCC С 
+ Fmoc-N^ ^ di 
! (Fmoc-Phe) 
| СНз Сн» 


| | 
CH,CH;CH CH,CH;CH 
H Cho m HH зн 
О 11 О \ н О 4: О \н 


= > H i : ^ > H i 5 
F N : N^ HN : 
mog "e y Pe СФ 0“ CH POLYMER H 5 C Pure „С. б. „он 
du H B de H л [2] HF s c. qu. Ue m 
CHCH; H CH, О н Сн›б%Н5 H CH, О 
Phe-Gly—Ala—Ile 


+ F—CH,-POLYMER 


28.66 An acetyl group on the NH» forms an amide. Although this amide does block an amino group 
from reaction, this amide is no different in reactivity than any of the peptide amide bonds. To 
remove the acetyl group after the peptide bond is formed would require harsh reaction conditions 
that would also cleave the amide bonds of the peptide. 


amide 
R О R 
| КУН | 
НМ С СООН - &-N-C-COOH 
H СН; H 


N-acetyl amino acid 
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28.67 
a. A p-nitrophenyl ester activates the carboxy group of the first amino acid to amide formation by 


converting the OH group into a good leaving group, the p-nitrophenoxide group, which is highly 
resonance stabilized. In this case the electron-withdrawing NO» group further stabilizes the leaving 


group. 
PA дома — 5 jov. c Noe бә ove 
p-nitrophenoxide | | 
О: " О: б: 
OE os OE eO 
\ ы Жеш NS 
О: :О: 


The negative charge is delocalized 
on the O atom of the NO» group. 


b. The p-methoxyphenyl ester contains an electron-donating ОСН; group, making CH;0C,H4O а 
poorer leaving group than NO;C&H4O , so this ester does not activate the amino acid to amide 


formation as much. 


28.68 


-OH = RNH, 


О 
С CO $ Q ag 
p^ :О: 
swf I — Sew ts 


| > oo- 6- O-N: 
HNR у 
^ АМН, од О e О 
носо 


c9: 
c | + 
[> сно“ ^NHR ^ | > Cee ee NO 
6 HNR H 
NS Fmoc-protected amino acid o 


N- T 
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| 
Н 
Б Ы В О: 
(5 М ge A (У RU 


Dee oe 
b. | »Pcen-87 “М7 yg ZH 


c td 


Fmoc-protected amino acid 


H2 
proton 
transfer 
R H 
b 
н, Son Ы РА 
In N 
О H 


28.69 Reaction of the OH groups of the Wang resin with the COOH group of the Fmoc-protected 
amino acids would form esters by Fischer esterification. After the peptide has been synthesized, 


the esters can be hydrolyzed with aqueous acid or base, but the conditions cannot be too harsh to 
break the amide bond or cause epimerization. 


0191919 090909 
H 
EN > + Fmoc-N-CHCOOH H804 308 EN EN 
| | 
О О О О 
Wang resin Fischer 
| 27 | esterification a 27 | 
< < E с Su 
OH OH О | 
new ester —- 66 new ester б=б 
CH-R CHR 
NHFmoc NHFmoc 


28.70 Amino acids commonly found in the interior of a globular protein have nonpolar or weakly polar 
side chains: isoleucine and phenylalanine. Amino acids commonly found on the surface have 


COOH, NH», and other groups that can hydrogen bond to water: aspartic acid, lysine, arginine, 
and glutamic acid. 


28.71 The proline residues on collagen are hydroxylated to increase hydrogen bonding interactions. 


I" Ею. Ки ; 


The new OH group allows more hydrogen bonding interactions 
OH — between the chains of the triple helix, thus stabilizing it. 
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28.72 
" 
o Bro Br CrO ji NH3 н» 
2C. (CH3);:CHCHCHO (СНз)>СНСНСООН (СНз)>СНСНСОО- 
(СНз)>СНСН» H | CH4COOH H,SO,, H2O excess А 
valine 
о  [1]NH,CI, NaCN NH3 (Racemic valine and leucine are formed as 
C —— — — ——- (CH)sCHCH, — C- COOH products, but the synthesis of the tripeptide is 
(CHs)2CHCH,~ ^H [2] H30*, A ü drawn with one enantiomer only.) 
leucine 
9 О 
P CH(CH3) [(CH3,COCOLO He CH(CHa)2 | HN. „С. CeHsCH2OH, H* qw c 
B он лд, 7 G. он сон ° “67 `0сн,С6нь 
ным c^ (CH3CH2)3N BücN^ С^ z 4- 
| Н | H CH2CH(CH3)o H CH2CH(CH3)2 


‚ О О 
valine (a) leucine [B | 


| CgHsCH2OH, Н+ 


H | CH(CHg); 


о 
/ 
N 
О 
О 
= 
Dv) 
О 
o 
L 
a 


Boc—N c^ Dd 7OCH;CeHs AS Boc-NH ^ eese oH 
О н CH;CH(CH3); ` о И CH CH(CHy)s 
СНС о P СН(СНз) о н CH(CH3; 
P „С. DEG CN х 
Boco-N^ "C^ 707 `OH Boc-N^ ^c" 707 "N^ `сооснсень 
О н CH,CH(CH3» 


н CH;CH(CHg? 


HBr 
CH4COOH 


R CH(CH3)2 О H CH(CH3); 
= H «г 


н CH,CH(CHs)> 
Val-Leu-Val 


28.73 Perhaps using a chiral amine R*NH» (or related chiral nitrogen-containing compound) to make a 
chiral imine, will now favor formation of one of the amino nitriles in the Strecker synthesis. 
Hydrolysis of the CN group and removal of R* would then form the amino acid. 


b x Nm ш Ls мн 
JU МН2А* P "СМ R-c-H Hydrolyze R-c-H Remove д—с—н 
| [n | w 4 | 
HB LN см nitrile соон R COOH 
chiral imine amino nitrile ; ; 
chiral amine amino acid 
Perhaps a large excess of one enantiomerically enriched (?) 


stereoisomer will be formed. 
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28.74 
HO + 
"Hamm nt TE HÓ5;ÓH 
S " Н-ОН» 5 а =. proton SUN a 
Celie. pox CiHs.. PS 08-р Ж transfer CA РЫ 
Мон Мон CONV H 
thiazolinone i 
H20 | 
+ д Да д 
e "m Сен РН? EH T S ROH 
6Н5 ,.. 65.4 Он proton “675-1 ——Он ed 
N AT p N = < T 
T е И R Д“ 


HỌ + R R сене. 
7: Ба ү transfer 2 615 ~ N 
АЯ a as N^ М 
H 


S 


N-phenylthiohydantoin 


783 


Chapter 29: Lipids 


* Hydrolyzable lipids 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 


Lipids 29-1 


Ш Waxes (29.2)—Esters formed from a long-chain alcohol and а long-chain carboxylic acid 


А, R' = long chains of C's 


785 


R, R', В" = alkyl groups with 11-19 C's 


[3] Phospholipids (29.4) 


[a] Phosphatidylethanolamine 
(cephalin) 
О 


|| 
O-P—O-CH,CHNHs 
O- 
R, В' = long carbon chain 


% Nonhydrolyzable lipids 


[b] Phosphatidylcholine 
(lecithin) 
О 


Ш 
0-P-O-CH;CH)N(CH;)s 
ò- 
А, В' = long carbon chain 


[1] Fat-soluble vitamins (29.5)—V itamins A, D, E, and K 


[c] Sphingomyelin 


(CH2)42CHs 


S 
NH- 


R 


! 
0—P-O-CH;CHANR', 
ò- 
R = long carbon chain 
R' = H or CH; 


[2] Eicosanoids (29.6)—Compounds containing 20 carbons derived from arachidonic acid. There are 
four types: prostaglandins, thromboxanes, prostacyclins, and leukotrienes. 


[3] Terpenes (29.7)—Lipids composed of repeating five-carbon units called isoprene units 


Isoprene unit Types of terpenes 
с [1] monoterpene 10 C's 
JE. [2] sesquiterpene 15 C's 
[3] diterpene 20 C’s 


[4] sesterterpene 25 C's 
[5] triterpene 30 C's 
[6] tetraterpene 40 C's 
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[4] Steroids (29.8)— Tetracyclic lipids composed of three six-membered and one five-membered ring 
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Chapter 29: Answers to Problems 


29.1 Waxes are esters (RCOOR') formed from a high molecular weight alcohol (КОН) and a fatty 
acid (RCOOH). 
a. О b. 


И 0 
С ^ CH2(CH32)32CHs 3—О(СН) -С О 
CHa(CHa)20CH; ^0 `OH) =C 


mun 


29.2  Eicosapentaenoic acid has 20 C's and 5 C=C’s. Since an increasing number of double bonds 
decreases the melting point, eicosapentaenoic acid should have a melting point lower than 
arachidonic acid; that 15, < 49? C. 


о 
ОН 


=. Е рее 
О 
с. |Н (1 equiv) Ри О 
Pd-C Oh AAA AAA 


two possible products: 


A < С < B 
2 double bonds 1 double bond 0 double bonds 
lowest melting point intermediate melting point highest melting point 


29.4 
О Lauric acid is a saturated fatty acid but has only 12 C's. The carbon 
CH,(CHp)gCHs ^он chain is much shorter than palmitic acid (16 C's) and stearic acid 


lauric acid (18 C’s), making coconut oil a liquid at room temperature. 
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29.5 


29.6 А lecithin is a type of phosphoacylglycerol. Two of the hydroxy groups of glycerol are esterified 
with fatty acids. The third OH group is part of a phosphodiester, which is also bonded to another 
low molecular weight alcohol. 


L one possibility: О 
EUR О (СН) 4СНз ~—— palmitic acid 
О 

ok о m 
о Н о (CHj;CH-CH(CHj;CH,  ————О!еїсасїй 
11 i 

0 -P-0-CH;CH)N(CHs)s 0-P-0-CH;CHÑ(CHa) 
(од fon 

general structure 
of a lecithin 


29.7 Soaps and phosphoacylglycerols have hydrophilic and hydrophobic components. Both 
compounds have an ionic “head” that is attracted to polar solvents like H,O. This head is small 
in size compared to the hydrophobic region, which consists of one or two long hydrocarbon 
chains. These nonpolar chains consist of only C-C and C-H bonds and exhibit only van der 
Waals forces. 


o  Phosphoacylglycerol soap о 
д Ма*- В nonpolar, hydrophobic region 
O R The R groups are a O р устор 9 
О hydrophobic and | 
o-4 nonpolar. polar head 
R' 
| 
–Р—О-СЊСЊМСН 
н — Снн (СН -— — polar head 


29.8 Phospholipids have a polar (ionic) head and two nonpolar tails. These two regions, which 
exhibit very different forces of attraction, allow the phospholipids to form a bilayer with a central 
hydrophobic region that serves as a barrier to agents crossing a cell membrane, while still 
possessing an ionic head to interact with the aqueous environment inside and outside the cell. 
Two different regions are needed in the molecule. Triacylglycerols have three polar, uncharged 
ester groups, but they are not nearly as polar as phospholipids. They do not have an ionic head 
with nonpolar tails and so they do not form bilayers. They are largely nonpolar C-C and C-H 
bonds so they are not attracted to an aqueous medium, making them ЊО insoluble. 
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29.9  Fat-soluble vitamins are hydrophobic and therefore are readily stored in the fatty tissues of the 
body. Water-soluble vitamins, on the other hand, are readily excreted in the urine and large 
concentrations cannot build up in the body. 


29.10 
О О 
МИКИ CO0CHS МИКИ COOCH; 
Код N HO, ~ 
\ P V ЖА 

HO | HO | 

В : 5 
misoprostol 


diastereomers 
Only one tetrahedral stereogenic center is different in these two compounds. 


29.11 Isoprene units are shown in bold. 


OH 
PW WD ee 


a. ` с. grandisol 
geraniol 
b. OH d. camphor 
vitamin A О 
29.12 
О 
manoalide 
29.13 
Su SS S Е = 
(OPP 
farnesyl diphosphate resonance-stabilized carbocation isopentenyl diphosphate 
+ -OPP | 
“ ~ > “opp EN S S А ОВЕ 
t 
+ H-B' Н 
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29.14 
single bond 
free rotation 


| У SPP А, —— X 


resonance-stabilized 


carbocation 
Y B 
H 
? 1,2-H shift 1 
О — Ое О — -CR о 
: H 
a-terpinene resonance-stabilized 
carbocation 
29.15 
ћу! {С13—— р 
а. methy! group а ~—— carbonyl at C17 
methyl group at C10 —— 
О 
double bond 
between C4 and C5 
carbonyl at C3 
29.16 


| cholesterol 


equatorial OH ,H „Н 


different here E 


diastereomer diastereomer 
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29.17 


H 
B 


АП four rings are in the same plane. The bulky CH; groups (arrows) are located above the plane. 
Epoxide А 1$ favored, because it results from epoxidation below the plane, on the opposite side 
from the СНз groups that shield the top of the molecule somewhat to attack by reagents. In B, 
the epoxide ring is above the plane on the same side as the СН; groups. Formation of B would 
require epoxidation of the planar С=С from the less accessible, more sterically hindered side of 
the double bond. This path is thus disfavored. 
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29.18 


~ 


СНз(СН»)1 є“ 


29.19 Each compound has one tetrahedral stereogenic center (circled), so there are two stereoisomers 
(two enantiomers) possible. АП C=C’s have the Z configuration. 


S L ba 
oA кыш c (CH) CH= CH(CH2)7CH3 О а 
о ot А 
сн тСН=СН(СН›);СНз (СН) „СНз (CH3)g(CH2CH-CH)2(CH5)4CHs 
О. (CH2)s(CH2CH=CH)2(CH3)4CH3 о. (CH2)e(CH2CH=CH)2(CH2)4CH3 А. 
О О О 
29.20 
О 
a a 
"i Dm There is no stereogenic center in this triacylglycerol since these R 
(СН) „СНз groups are identical, making this triacylglycerol optically inactive. 
лш ое 
О 
29.21 
О О 


кыс у у о клр у чүс усы 
О О 
Он И POKER ОНО CH,(CH,),CHO = O 
а наста ата CH2(CHO)> = P 


О М О М 


[1] Оз 
[2] CH3SCH, 
О 


О The C=C's are assumed to Бе 2, 
О since that is the naturally occurring 
aes configuration. 
о 


О 
L 


Н,, Pd-C 


Study Guide/Solutions Manual to accompany Organic Chemistry, Third Edition 793 


Lipids 29-9 


29.22 When В" = CH;CH;NH, , the compound is called a phosphatidylethanolamine or cephalin. 


О 
СН) {СН 
(СН;) СНз (CH2)12CH3 
o HO О 
о мн-( 
о (CHe)16CH о (СН) СНз 
| 
О=р= o- CH;CH;NH; O—P—O- CH;CHANH; 
О од 
cephalin sphingomyelin 


S 
х 


1] (А)-СВ$ reagent о 


[2] H2O "me о 


Use a chiral reducing agent to 
[2] НО add hydride from one side only 

to form a single diastereomer. 
Вапас 


diastereomers 


X он 


[1] Zn(BHa)z 


p-carotene 


a-pinene 
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О 
О 
NS 
б | 
humulene periplanone B |. 
OH >D HO 
g i p-amyrin 
patchouli alcohol COOH 


dextropimaric acid 


29.25 A monoterpene contains 10 carbons and two isoprene units; a sesquiterpene contains 15 
carbons and three isoprene units, etc. See Table 29.5. 


S 
~> 
a. дд f. 
monoterpene CHO d B 
. diterpene 
sesquiterpene 
COOH 
b. OH 
О 
9. 
Ns monoterpene 


sesquiterpene 


j. 
О 
О 
C: HO 
h. triterpene 


monoterpene 
sesquiterpene 


tetraterpene 
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29.26 
tail head tail tail head tail 
lycopene hr da aS PS n CS FS PS AS í on 
tail head tail head head tail head tail 
tail head head tail 
squalene S ы | S S | | S S 
|| || EE. 
tail head tail tail head tail 
29.27 
“1 
>< >< НА + 
— + + ОРР о —— —— = 
| (ZOPP | cu) 
a 
a-pinene 


resonance-stabilized 
carbocation 


29.28 The unusual feature in the cyclization that forms flexibilene is that a 2° carbocation rather than a 
3° carbocation is generated. Cyclization at the other end of the C=C would have given a 3° 
carbocation and formed a 14-membered ring. In addition, the 2° carbocation does not rearrange 
to form a 3° carbocation. 


и _ 
А ——> pu OPP + OPP 


farnesyl diphosphate | isopentenyl diphosphate 
SS Sus SS Su. OPP == Sus EN Su. + М ОРР 
+  HB* На 
:В 


2? carbocation 


+ 


+ “OPP flexibilene 
+ нв" 


795 
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29.29 
i | 
Кал 
A 
n 
b [1] Оз 
| [2] Zn, H2O О 
О 
“OH, Но 
CHO 
о 
o ш 16,17-dehydroprogesterone 
29.30 
СНз CH3 
, EI А У ee ad 
H H 
29.31 
H H H H 
а. CO к " = 
HO B H Ho" oV ÓH H 
equatorial OH ü axial OH 
H 
та H OH H HO., H 
ое CI eI 
Я H н H 
axial OH equatorial OH 
29.32 


H OH (ax) 


H H 
OH H 
a. b. 
Ad | рану Axial reacts A. ele 
H : H Е 'OH i 
( H faster. ü | (eq) | OH Axial reacts 
(ax 


7 — faster. 


) 
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29.33 
с. 
CH3(CH5)gCOCI 
pyridine 
H Primobolan 
29.34 
H О 
H н 
OH H 
29.35 
СНз groups make this face more sterically hindered. 
a. " 
| н н 
: | 
HH] H 


The bottom face is more accessible so the Н» is Mz added irom below 


added from this face to form an equatorial OH. 
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29.36 
cholesterol 
a. CH4COCI EE 
————- d. oleic acid, H* 
CH34(CH;);CH-CH(CH5); H 
b. Ho, Pd-C 
е. [1] BH3, THF 
[2] Н,О,, "OH HO 
с РСС 
29.37 
г 
x > 
= ^u 1,2-shift *1,2-shift O OO _ 
A — — — и e] — = 
ОРР | P. 
ЯЕ 
+ “OPP 
гезопапсе- 
stabilized 


carbocation 
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29.38 Re-draw the starting material in a conformation that suggests the structure of the product. 


OH 


С 

„| | || | | 
и. "EN m < 

~ a» 
О 
он нё Он NET Бо 
[A Or | 
нон H 
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29.39 
(any base) 
:В 
Su. ENS ES 2 7 T 
ОРР = mum NE 
f | diphosph d d in i Y 
arnesyl diphosphate 
У dipnosp C Opp 
+ "ОРР 
resonance-stabilized 
carbocation РА] | 
CH; CH; CH; € Н=А (any acid) 
1,2-H shift 
+ 
F Si 
CH3 CH3 A 
1,2-CHg shift л: 
HV 'B 
Fg 
CH; + НВ" 


epi-aristolochene 
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Chapter 30: Synthetic Polymers 
+ Chain-growth polymers—Addition polymers 


[1] Chain-growth polymers with alkene starting materials (30.2) 
* General reaction: 
Az initiator Ot 
Z Z Z Z 


e Mechanism—three possibilities, depending on the identity of Z: 


Type Identity of Z Initiator Comments 
[1] radical Z stabilizes a radical. A source of Termination occurs by 
polymerization | Z = В, Ph, Cl, etc. radicals (ROOR) | radical coupling or 


disproportionation. Chain 
branching occurs. 


[2] cationic Z stabilizes a carbocation. | Н-А oraLewis | Termination occurs by loss 
polymerization | Z — R, Ph, OR, etc. acid (BF; + of a proton. 
H20) 
[3] anionic Z stabilizes a carbanion. An Termination occurs only 
polymerization | Z = Ph, COOR, COR, CN, | organolithium when an acid or other 
etc. reagent (R-Li) electrophile is added. 


[2] Chain-growth polymers with epoxide starting materials (30.3) 


o -OH А e The mechanism is Sy2. 
=“ Мороа * Ring opening occurs at the less substituted 
В carbon of the epoxide. 
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* Examples of step-growth polymers—Condensation polymers (30.6) 


Polyamides Polyesters 
H dvd О О 
| \ / \ 
О == млл 
nylon 6 О polyethylene terephthalate 


aw О 
sa ПА ү pot 
Ра “о а | 


copolymer of 


Kevlar glycolic and lactic acids 
Polyurethanes Polycarbonates 
ў ‘ 
үзүмүнүн өп i 
О тү О 8 o ori 
Lexan 


a polyurethane 


+ Structure and properties 


e Polymers prepared from monomers having the general structure CH?-CHZ can be isotactic, 
syndiotactic, or atactic depending on the identity of Z and the method of preparation (30.4). 

* Ziegler-Natta catalysts form polymers without significant branching. Polymers can be isotactic, 
syndiotactic, or atactic depending on the catalyst. Polymers prepared from 1,3-dienes have the Ё or 
Z configuration depending on the monomer (30.4, 30.5). 

* Most polymers contain ordered crystalline regions and less ordered amorphous regions (30.7). The 
greater the crystallinity, the harder the polymer. 

¢ Elastomers are polymers that stretch and can return to their original shape (30.5). 

* Thermoplastics are polymers that can be molded, shaped, and cooled such that the new form is 
preserved (30.7). 

e Thermosetting polymers are composed of complex networks of covalent bonds so they cannot be 
melted to form a liquid phase (30.7). 
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Chapter 30: Answers to Problems 


30.1 Place brackets around the repeating unit that creates the polymer. 


ТИ) 


poly(vinyl B 


pp petat a: vow ^ї 


пу!оп 6,6 


аа 


30.2 Draw each polymer formed by chain-growth polymerization. 


а VQ OCH; OCH3 OCH; 
"uc С PW ы 
a. = 8 ОСН. 8 ; 
OCH, —— $ d. ==“ PR 
3 msc = AM = 
b. / CO,CH; МАМА M 


@ A А 


OCH, OCH; OCH; 


30.3 Draw each polymer formed by radical polymerization. 


Te oe 
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30.4 Use Mechanism 30.1 as a model of radical polymerization. 


Initiation: MASA = 
(CHg)sCO -F OC(CH3)s NUM 2 (CH3)CỌ: = О pulsis. О: 


(СНајзсо! P 


Propagation: CH) NN * Repeat Step [3] over and over. 


00010: n с: 
сњо i-i к=к a 70. „О: „0 
Termination: N Y T 
(Qu 70: 00. 70. 95.09: :0. 70: о DRO DAO АЕ 
T T T T т Y 


(Ас = СНзСО-) 


[3] 


30.5 Radical polymerization forms a long chain of polystyrene with phenyl groups bonded to every 
other carbon. To form branches on this polystyrene chain, a radical on a second polymer chain 
abstracts a H atom. Abstraction of H, forms a resonance-stabilized radical A'. The 2? radical B' 
(without added resonance stabilization) is formed by abstraction of Нь. Abstraction of Ha is 
favored, therefore, and this radical goes on to form products with 4? C's (A). 


Ph 
кү = Ce 
EN NY а Е в 
abstraction o 
m b Ph Ph Ph Ph Ph Ph 
RO: уру 2? radical 
o Ph 
ZU ph 3 8 " no resonance stabilization 4C 
Ph Ph Ph 
Ph ; ; ЗА аш 
abstraction of H4 de de oe i " 
resonance-stabilized is KU. 


benzylic radical 


E yee 
= 7 | 
oS 5 


30.6 Cationic polymerization proceeds via a carbocation intermediate. Substrates that form more 
stable 3? carbocations react more readily in these polymerization reactions than substrates that 


form less stable 1° carbocations. CH?-C(CH3); will form a more substituted carbocation than 
СН›=СН.. 


Р 4 NES i. 3? carbocation 22 RR PO 1? carbocation 
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30.7 Cationic polymerization occurs with alkene monomers having substituents that can stabilize 
carbocations, such as alkyl groups and other electron-donor groups. Anionic polymerization 
occurs with alkene monomers having substituents that can stabilize a negative charge, such as 
COR, COOR, or CN. 


a. CH,=C(CH3)COOCH 3 b. CH z=CHCH3 C. CH5-CHOC(CH3)5 d. CH2,=CHCOCH3; 
electron-withdrawing group alkyl group an electron-donating electron-withdrawing group 
anion polymerization cationic polymerization resonance effect anion polymerization 


cationic polymerization 


30.8 | Use Mechanism 30.4 as a model of anion polymerization. 


~ [1] _ 


А 
Initiation: Bucli + = — Bu по Lit 
с ^3 


M CN 
_ f^ 2 Repeat Step [2] 
Propagation: ви N p oum zie Bu | де и 
СМ CN CN CN over and over. 


:0: 
| 
Termination: 3 Y ёз (^ E n d di: 


CN CN ^ CN CN 
30.9 Styrene (CH2=CHPh) can by polymerized by all three methods of chain-growth polymerization 


because a benzene ring can stabilize a radical, a carbocation, and also a carbanion by resonance 
delocalization. 


i i i i А . A “=, +, ог 
30.10 Draw the copolymers formed in each reaction. 


a. 4 Ph + см — 


Ph CN 


F РОБЕ F 
n 
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30.11 
^ OM 


ROTOR 2 ВО: 


"a m US 
Bep on "m 
~ Z^. d 
30.12 


E AC == yf 


30.13 
CI а а ЧЕ Cg Се 
i SS Su. EN ; ; 8 
пеоргепе Е configuration of each double bond 
All double bonds have the Z configuration. 
1 1 
© L pigs Two higher priority groups (1's) 
are on the same side of the 
лмеСН; | H double bond - - - » Z configuration. 
2 2 
30.14 
МУ № 


RO-COR ——- 2 RO: == — > ry о 
J * ER M as RO [^ 


; |, 
a a a a e a a a = 


A The resonance-stabilized radical 
can react at two carbons. 


weer fk 
B 
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30.15 


HOOC COOH N 
8 СС NN ~$ 
а. + H2N(CH2)sNH2 — | 


ape A P om 
b. ds HO NH; 8 N Na 


:OH 


| Pr + H—OH 
choo S-6-6o Юн» 


:OCH;CH;OH 


" A T 

Он gx нон, CHH 0+ 
онос—{_`у—б-бон, + = сњою-( Усы, =" снос— < 

[4] О [5] Q—CH;CH,OH 


:OCH;CH;OH :CH;CH;OH 
| (6 


"X И б: 
P у "ДК ( Repeat for all ester bonds. сос <. 
= O- CH,CH,OH 


О ww ~ 


+ нон, 


+ CH3OH 


30.17 
О 


О 
uo ы нн + Hom ON GEN Крит и 
О 


О 


This compound is less suitable than either nylon 6,6 or PET for use in consumer 
products because esters are more easily hydrolyzed than amides, so this 
polyester is less stable than the polyamide nylon. This polyester has more 
flexible chains than PET, and this translates into a less strong fiber. 
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30.18 
er A o 
P "hes S бн OH AT A 
СОНО РОСА ———* СЕНО OG; = а ç- ds T c- Осень H7 2 
ACAS о о“ od 
HÓ * €. OH _ 
SoA 
б JJH НН. 
Сен is $ Сен s- ct а 
| он ——— OH 
g^ “О OH 
+ HA 
+ СНОН 


Repeat this process for all other CO bonds. 


C Oo og 


+ 2 СНОН 
30.19 
и. B ] 
| 28 у 
HO OH + [CI | 
epichlorohydrin = i ~ 
1,4-dihydroxybenzene (excess) А i 
L A T 
HoN. ^ „Мн; 
OH Г | OH 
о о 
о 
L он J 
- OH 7 
NH wooly | ^ 
" | 2 Sro 
oH L B -n d 
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30.20 
5j АСВ 
OH OH 
. H УМА 
(0E -É 
N “AICI, 
AlCl; resonance-stabilized +3 MD structures 
carbocation 
H H 
HÓ- АСВ 9 M 
+ AlCls 
T HO: 
30.21 
но 7 
ОН 
OF OH 
AA я 
Hc-o | 
= 22 В we 
< H* 
R CH, 
cardinol 
oe 
a оазе 
R 


30.22 Chemical recycling of HDPE and LDPE is not easily done because these polymers are both long 
chains of СН» groups joined together in a linear fashion. Since there are only С-С bonds and no 
functional groups in the polymer chain, there are no easy methods to convert the polymers to 


their monomers. This process is readily accomplished only when the polymer backbone contains 
hydrolyzable functional groups. 


30.23 а. Combustion of polyethylene forms CO; + H20. 
b. Combustion of polyethylene terephthalate forms СО; + H20. 
c. These reactions are exothermic. 
d. HDPE and PET must be separated from poly(vinyl chloride) prior to incineration because 
combustion of hydrocarbons (like HDPE) and oxygen-containing organics (like PET) releases 
only CO» + H20 into the atmosphere. Poly(vinyl chloride) also contains Cl atoms bonded to a 
hydrocarbon chain. On combustion this forms НСІ, which cannot be released directly into the 


atmosphere, making incineration of halogen-containing polymers more laborious and more 
expensive. 


i OH о о 3 > 1 
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30.25 Draw the polymer formed by chain-growth polymerization as in Answer 30.2. 


сосна COCH; СОСН» 


" ее) ОСН OCHs И wee 
. = d. Peg ee — ~ 
= с сн, —0-Сн, о Я 
CH3CH50;C СО»СН»СН» СОСЊСНа 


30.26 Draw the copolymers. 


а Aon and ZN а. "E eod 
CN 


Е п 


СІ 
р. PN and 7 [ „г 
a — е. = and 22-22 — 
CICI Ph 
n L 
ZA Ж 

с. ОМ and ~~ 

СМ 

n 


30.27 
a. ФР ==» p 


CO,Et СОБЕ СОБЕ 


n 


CN CN 
H 
C. "ov : == HN OH 
hi о 
C(CH3)s B 
d О — 1 
oi = 
C(CH3)s 
о O 
Ө ко A HO. он or O 
O 
О О О 
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30.28 
; = 


СОЕ СОЕ: СОЕ! СОЕ: 


Foy - P^, 


о 
лллл 
5 


b. 

CN CN CN 

pur i N i 
EN N N 

N 8 = 

Н 

C(CH3)s C(CH3)s 

а. $ о o$ = 49 

С(СНз)з n 


30.29 Anisotactic polymer has all Z groups on the same side of the carbon backbone. A syndiotactic 
polymer has the Z groups alternating from one side of the carbon chain to the other. An atactic 
polymer has the Z groups oriented randomly along the polymer chain. 


с в ЕТ pouce se oes 


CI CI CI CN CN CN CN Ph Ph Ph Ph Ph 
30.30 
ОН from ethylene oxide 
Cet. 
30.31 
О 
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О 
p 
f. но—( соон 8 
О 
30.32 
Ce 
CN ABS Ph 
30.33 


о 
сос сос! HN NH; " LX 
> O -O'i у ри 
Н Н 
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30.34 
О 
н 
М 
Aa 
] | | н 
| Bo! 
acu = 
H H 
mol Kevlar 
м 
4 
30.35 
О 
о о 
М Хо О = N lere Ч 
О п H 
polyester A Un 6,6 и 
Ty=<0°C PUE Ту = 53°С 
Tm = 50 °C Tm = 265 °C Tm = 265 °C 


a. Polyester A has a lower T, and Tm than PET because its polymer chain is more flexible. There are no 
rigid benzene rings so the polymer is less ordered. 

b. Polyester A has a lower 7; and Ту than nylon 6,6 because the М-Н bonds of nylon 6,6 allow chains to 
hydrogen bond to each other, which makes the polymer more ordered. 

с. The Ты for Kevlar would be higher than that of nylon 6,6 because in addition to extensive hydrogen 
bonding between chains, each chain contains rigid benzene rings. This results in a more ordered 
polymer. 


30.36 


A dibutyl phthalate 


Diester A is often used as a plasticizer in place of dibutyl phthalate because it has a higher molecular 
weight, giving it a higher boiling point. A should therefore be less volatile than dibutyl phthalate, so it 
should evaporate from a polymer less readily. 
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30.37 
Initiation: T 
ze mda 1 (CH3)3CO 
(снззсо -2бс(сн,)з осн, nee м E 
Propagation: / 
Hs) (Ж 
(с < (CH3) "e "n era и 
A new С-С bond 
. Repeat Step [3] over and over to form gutta-percha. 
Termination: 
ху E SN ; 
30.38 
H F H == а 
na^ d. 1. ЕВ 5: ‚ дм. мб 
H i 
shift 


a e resonance-stabilized carbocation 
Ph 
OO. + М 1 


ee | Y Repeat Steps [3] and [4]. ——- А 
Ph 


new C-C bond 
Ph Ph. Ph 
A is the major product formed due to the 1,2-H shift (Step [3]) that occurs to 
Eo E form a resonance-stabilized carbocation. 
Ph ; B is the product that would form without this shift. 
A B 


major product 


30.39 


This carbocation is unstable because it is located next to an 
ЕзВ-О+ V =——= 2 осем electron-withdrawing CN group that bears а ôt on its C atom. This 
ин 5* carbocation is difficult to form, so CH»=CHCN is only slowly 
polymerized under cationic conditions. 


This 2° carbocation is more stable because it is not directly bonded to 
the electron-withdrawing CN group. As a result, it is more readily 
formed. Thus, cationic polymerization can occur more readily. 


30.40 


30.41 


30.42 


30.43 
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Initiation: Bu-Li + ==\ I тыы Bu = Li* 


Ph Ph 
| -N ^ [2] Repeat Step [2] 
Propagation: Bu у EN " Е 
Ph Ph Ph Ph over and over. 
:0: 
Termination: FEY aa [3] и 
Ph Ph 7 7 Ph Ph 


The substituent on styrene determines whether cationic or anionic polymerization is preferred. 
When the substituent stabilizes a carbocation, cationic polymerization will occur. When the 
substituent stabilizes a carbanion, anionic polymerization will occur. 


cationic anionic anionic cationic 
polymerization polymerization polymerization polymerization 


The rate of anionic polymerization depends on the ability of the substituents on the alkene to 

stabilize an intermediate carbanion: the better a substituent stabilizes a carbanion, the faster 

anionic polymerization occurs. 
О 


СМ 
О О 
least most 


increasing ability to undergo anionic polymerization 


815 


The reason for this selectivity is explained in Figure 9.9. In the ring opening of an unsymmetrical 


epoxide under acidic conditions, nucleophilic attack occurs at the carbon atom that is more able 
to accept a $ in the transition state; that is, nucleophilic attack occurs at the more substituted 
carbon. The transition state having a д’ on a С with an electron-donating CH; group is more 
stabilized (lower in energy), permitting a faster reaction. 


co 


a нт” [4] S i [5] туб + ње: 


Repeat Steps [4] and [5] over and over. 


H 
H 
C N x [1] У О ниў 2 » "d aai [3] . бн ni 
HOH, oS rm LL + НО LS Њива 
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30.44 


АС! 

j (à : EN T 8 НЛ т 

CICH, C-Cl: —- CIcHe—{)-—GCI-AICle CICH c^ WoL вн 
H M H 


H : 
A resonance-stabilized — 1,4-cyclohexanediol 
carbocation 
А!С | — — 
= ИАС; 
mE ES M — H H 
ссн,— /)—сн,-0 ) OH + АІС} + HCI ~ осн ) cot бн 
Н 
| Repeat 
B n 
30.45 
H a 
" 


m | TEE al CH3— OH 

4 и . № 20+ Te 

(Утв + CH3—OH A СНз c CH3 
A О: {О: 


а urethane 


30.46 
a^ (СНз) СО-ОС(СН;)з 8 i 
a. g 
ка Cee 


ОСНз OCH3 OCHs 
Ziegler-Natta 


ÇHs cuia CHa 
У AN Виц (initiator) 8 CH;-C— CH;-C— CH;—C 8 


| о оо фо 
CHCH; CHCH СНСН; 


b A~ 


| 
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OH (excess) 


О H20 О om 
о H О О 
М к: т 
h ео ее ^ -o NH? ог NH 
но 
N e ^ 
О О 
О 
СЬС=О 
] НО ои 2 у о 


30.47 Polyethylene bottles are resistant to NaOH because they are hydrocarbons with no reactive sites. 
Polyester shirts and nylon stockings both contain functional groups. Nylon contains amides and 
polyester contains esters, two functional groups that are susceptible to hydrolysis with aqueous 
NaOH. Thus, the polymers are converted to their monomer starting materials, creating a hole in 
the garment. 
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30.48 
= =F О 
но— JCHA JOH + paupe 
: Е Гео = Д 
pu N / CH2 \ nad \ ) сн, / i 
prepolymer tn 
| HN МН 
OH — == | OH = = он 
H О 
dX nme Ore A anm рта 
HN "n у 
NH HN 
a. / \ сн, ÁN lo^ e / у сњ-( ои 
он = = Он == = | Он 
п 
30.49 
B Сон —39— 8 3 Poly(vinyl alcohol) cannot be prepared from vinyl alcohol because 
Р он он vinyl alcohol is not а stable monomer. It is the enol of 
vinyl alcohol | acetaldehyde (CH4CHO), and thus it can't be converted to 
poly(vinyl alcohol) poly(vinyl alcohol). 
b. Z^ ОАс Sr c: 3 ~ ; ; + СНзСО- 
: radica 2 
мпугасеше polymerization OAc PAG hydrolysis ЭН Or 
poly(vinyl acetate) poly(vinyl alcohol) 
? 
8 „Иң i 
с. $ 
он он H* ТТ 
poly(vinyl alcohol) übt 
poly(vinyl butyral) 
30.50 
NBS “OH [1] BH 
A PAS ОН 3 HOT он 


ii [2] H202, "OH 1,3-propanediol 
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30.51 


сна 
СН»С1 СНС! KMnO, 
© ноос—( )-coon 
АС AICl, 
CH; 


terephthalic acid 


[1] OsO, 
CH2 =CHs = но" 
[2] NaHSO3, НО 


ethylene glycol 
or 


CPBA НО, "OH OH 
EE C = 


30.52 


OH 


+ сњ=о 


рћепо! 


Since phenol has no substituents at any ortho or 
para position, an extensive network of covalent 
bonds can join the benzene rings together at all 
ortho and para positions to the OH groups. Bakelite У" 


с, он + СН=0 = 


p-cresol 


Since p-cresol has a CH3 group at the para 
position to the OH group, new bonds can be 
formed only at two ortho positions so that a less 
extensive three-dimensional network can form. 


30.53 
O О 


b. A == ee 
oJ : 


e-caprolactone polycaprolactone p-dioxanone polydioxanone 
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} ЖЕ | 


T (ester amide) A 


HN NH» 
OH OH 
ut s руне но 
О 


30.54 


the benzyl ester of lysine 


leucine 
30.55 
ар 6 o CO;H 
о ОН 
= О 
~ О a 
benzyl salicylate o `O n salicylic acid 
(2 equiv) = = (2 едим) 
О + ii о + 
PolyAspirin OH 
Cl HO 
Cl mE Ц 
sebacoyl chloride О sebaciç acid 
30.56 
:0: H H 
= i ; . 4 H 
HN JN. МН J2 HN UN. UN HN. LN. UN 
EN ur ae 
ТА oY io ees је 
[1] [2] 
NH2 NH2 NH2 
melamine |13) 
(^ ge x uS н 
M H но т НМ NH, НМ NS NE и н, м №, 
Со не P Ои ТЯ 
| | Nv ZN Nv ZN №. „Мм “OH 
М UN N UN de di un d " "T b d + 
Y nd NH, NH; | NH). 
NH» NH2 “ А 
[16] 
s H H x 
HN N N N N МН, 
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а. $ a [1] Я : redraw, | е , 
H^ intramolecular [2] 
* Н abstraction 


| [3] Repeat 
Step [2]. 


b. Abstraction of the H is more facile than abstraction of the other H's because the H 
atom that is removed is six atoms from the radical. The transition state for this 
intramolecular reaction is cyclic, and resembles a six-membered ring, the most 8 3 
stable ring size. Other H's are too far away or the transition state would resemble n 
a smaller, less stable ring. К 


butyl substituent 


30.58 


о О 


О 
О pu I НМ NH2 
CH PN 
+ ——— У 2 2 “oN 
pu HN N OH HN N HN N N NH 
ным” “мн, jp S= H ОН “HOH | 
игеа formaldehyde | repeat 


N N NH3 repeat HN N N NH3 
O М „М О dae = H 
A m Д x b. 
АКА онн, оС 
Kod Ме E int d 
DM 


